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I. INTRODUCTION 


In its report announcing the new plan for proration of oil 


(1) 


to market demand, the Oil and Gas Conservation Board stated 
at page 183, "The Board believes that some form of maximum daily 
rate restrictions for wells must be retained in the interests 

of preventing waste and agrees that the présent -MPR formula is 
not an ideal basis on which to establish such rates. The Board 
therefore intends to call a public hearing in the near future 

to receive submissions on this matter." 

The Board discussed the considerations leading to this 
decision earlier in that report under the heading "Restrictions 
on Maximum Daily Rates of Production on the basis of GOR, WOR 
or Lease Boundary Location." After briefly outlining present 
practices and summarizing the views of industry, the Board 
Stated, "The Board agrees with those in industry who believe 
that some form of maximum rate restrictions for wells, leases, 
projects and pools as a whole should be retained in the interests 
of preventing reservoir waste. Furthermore, in the Board's view, 
gas-oil ratio and water-oil ratio penalties serve the dual 
purposes of furtherance of conservation and protection of the 
interests of other owners. The Board believes that maximum rate 
restrictions and gas and water penalty restrictions complement 
one another and that there is no sound reason for diceemane 
@ither.'' After referring to the Board's intention of calling a 


—_——_———— >> OO eee 


(1) OGCB Report 64-10. Report and Decision on Review of Plan for 
Proration of Oin) to Market Demand in Alberta’. July 1964, 


hearing to review methods of establishing maximum rates, the 
report continued, "Also the Board believes there may be certain 
minor inconsistencies in its gas-oil ratio penalty tables and 
intends to review this matter at the same hearing." 
Consequently, on August 14, 1964, the Board announced that 
it would hold a public hearing commencing November 17, 1964, for 
the purpose of receiving representations concerning 
(a) methods of limiting maximum daily rates of production 
of crude oil from individual wells and pools, 
(b) the use of the rates established pursuant to (a) 
above for limiting crude oil production from wells 
and pools not subject to prorating, and 
(c) modifications to the Board's policy of limiting 
monthly production of crude oil from wells on the 
basis of gas-oil ratio with respect to 
CE) the use in appropriate cases of Penalty Tables 
200, 400, 600 or 800 (Table 1000 is the lowest 
schedule now used to restrict gross gas production), 
and 
(ii) the applicability of gas-oil ratio penalty tables 
in pools or areas where gas, water or other fluids 
are being injected. 
Provision was made in the notice for the filing of primary 
submissions by October 20 and of submissions of response concern-= 
ing and related to the particulars of one or more primary 


submissions on or before November 3. 


While the notice specifically referred to the gas-oil ratio 
factors, full discussion of maximum rate limitation for the 
prevention of waste necessitated some comment on water-oil 
ratio factors. A matter raised in the submission of the Board 
staff and dealt with at the hearing, though perhaps not 
specifically referred to in the notice, was the basis of selection 
of the appropriate table in terms of the initial gas-oil ratio 
in the pool. 

Where maximum rate limitations are applied for the 
prevention of waste, the concern is for underground waste or, 
to use the phrase in the part of the proration report quoted 
above, "reservoir waste", and not surface waste. 

With respect to the scope of the proceedings, the Chairman 
in opening the hearing, stated: 

"The Board gathers that there has been some misunderstanding 
as to the intended scope™of’this hearing: "With respect’ to 
maximum daily rates of production, the Board considers that 
matters related to relative rights of owners have already been 
heard, reviewed and disposed of. I am referring to the proration 
decision and the regulations concerning production spacing 
units and block allowables which have now been formulated after 
discussion with industry. At this hearing views are to be 
heard on limitation of maximum daily rates of production for. 
the prevention of waste rather than as otherwise may be 
appropriate for protecting whe relative rights “or “owners. 

"The Board takes the position that if, after experience with 


the new production spacing unit and block allowable regulations, 


serious questions on correlative rights should arise the present 


regulations could be reviewed with industry or, 


a special hearing could be called. 


if appropriate, 


"We note that one of the submissions makes reference to 


the application upon introduction of the floor allowance plan 


of gas-oil ratio penalties to the floor allowance. 


Again, the 


Board considers this a matter on which a decision has already 


been given and not one for further discussions at 


The hearing following the notice was held by 


November 17 and 18, 1964. 


Appearances 


The following presented primary submissions: 


Submission by 


Hudson's Bay Oil 
and Gas Company 
Limited 


Husky Oil Canada 
bed; 


Imperial Oil 
Limited 


Board Staff 


Socony Mobil Oil 
of Canada, Ltd. 


Sun Oil Company 


Represented 
Ap ie 
C.C.Frye 


C.G.Chinneck 


D.E.Lewis ,Q.C. 
R.Horsfield 


D.R.Craig 
N.A.Strom 


D.W.MacFarlane 
P.J.Hoenmans 


H.Groeneveld 


J.A.Crate 


Whitehall Canadian W.A.Elser 


Oils Lid. 


All of the above except Husky, 


Witnesses 


for 


C.C.Frye 


C.G.Chinneck 


E.A.Pavan 


R.S.Buckles 


N.A.Strom 


H.Groeneveld 


J.A.Crate 


W.A.Elser 


this hearing*" 


the Board on 


Abbreviation of 
names used in 


this report 


Hudson's Bay 


Husky 


Imperial 


Socony Mobil 


Sun 


Whitehall 


the Board staff and Sun also 


presented responses to submissions and Imperial presented a 


rebuttal. 


by the following: 


Response by 


Amerada Petroleum 


Corporation 


The British 
American Oil 
Company Limited 


Canadian Pacific 
OLL and Gas 
Limited 


The California 
Standard Company 


Dome Petroleum 
Limited 


Home Oil Company 
Limited 


Great Plains 
Development 
Company of 

Canada, Ltd. 


Pacific Petrol=- 
eums Ltd. 


Pan American 
Petroleum 
Corporation 


Shell Canada 
Limited 


Texaco Exploration 


Company 


Triaa ODL OG. 
tds 


Shediiy OR: 
Company 


In addition, 


Represented 
PT a ee 


R.P.Cummer 


A.Janisch 


R.G.Farquharson 


L.jG.Zerr 


M.E.McElroy 


JOH api Grd 


Le oeamonel 


Zine NL CKO LOFT 


W.G.Trimble 
Dates GC Dead Been) Fo 


J.M.Killey 
M.M.Durham 
KR. Pike 

J .RebLecey 


R.G.Kessler 


G.W.Selinger 


Witnesses 
for 


R.P.Cummer 


-McDonald 


-Farquharson 


-Z2Zerr 


-McElroy 


-Siferd 


Looamoi. 


G.E.Nickoloff 


W.G.Trimble 
Fisk - Greaig,gt. 


M.M.Durham 


R.Pike 


J.R.Lacey 


R.G.Kessler 


L.Ruwus 


responses to submissions were presented 


Abbreviation of 
name used in 


this Report 


Amerada 


British American 


CPOG 


California Standard 


Dome 


Home 


Great Plains 


Pach barc 


Pan American 


Shell 
Texaco 
Exploration 


Triad 


Skelly 


In conclusion, brief oral arguments were made on behalf of 


Socony Mobil and Triad. 


Glossary ‘ 


The following definitions apply to terms used in this report 
unless the context otherwise indicates: 


drainable areas - a term used by Imperial - pools or portions of 
pools which, for all practical purposes, act independently 
during their depletion Lives. 


gas-oil, ratio or GOR - the number of cuble Feet Jotveasce produced 
With each barrel of “oll. producede® 


heavy crude oil - crude oil of which the gravity rating by the 
American Petroleum Institute scale is 25° or a lesser 
number, but a greater or lesser gravity may be used 
depending on whether the crude ot! is utilized) inwaemenker 
distinct, from that satisiied by lieht and mediumecr ides. 
> 


light and medium crude oil = crude oil other than heavy crude oil. 


Maximum Efficient Rate. or MER - the maximum rate at which) o7 ltl can 
be produced without avoidable underground waste. 


‘Maximum Monthly Rate or MMR - a term used by Imperial - a 
maximum rate limitation applied on a monthly basis and 
expressed as the number of barrels of crude oil that may 
be produced from a drainable area during a month, 


Maximum Permissible Rate or MPR (for an individual well) - the 
Board's estimate of the MER of the average well in a pool. 


Maximum rate limitation or MRL ~ a general term used in 
connection with individual wells, portions of pools or 
pools. 

net gas-oil ratio or net GOR - the ratio of the volume of gas 
produced less the gas returned to the reservoir, expressed 
in cubic feet, to each barrel of oil produced. 


new pool - a pool that will be discovered in the future. 


old pool - a pool already discovered at the date of the Board's 
decision given in this report. 


pool MPR - the Board's estimate of the pool MER. 


Preliminary Rate Limitation or PRL - the Board's preliminary or 
initial estimate of the MRL applicable to a portion of 
a pool or a pool. 


ultimate reserves - the remaining reserves of a pool plus the 
volume of oil that has been produced from the pool. 


water-oil ratio or WOR - the number of barrels of water produced 
with each barrel of oil produced. 


II PROVISIONS OF STATUTE AND REGULATIONS 


Section, 35,, subsection (l)... clause) (d)* of Si besOsl ean deca 
Conservation Act states, 

35%. (1) The Board may, by general or special orders, 

(d) control and regulate the production orgome 
gas and water by restriction, proration and 
prohibition, 

This provision in section 35, taken alone, would) :ivesthe 
Board unrestricted power for the establishment of maximum rates 
of production and the application of gas-oil and water-oil 
factors. Inasmuch as a purpose for the control or regulation 
of production is not specified, the Board,, in exencisingm@ene 
power to restrict production, would look to section 4 of the Act 
for the purpose. This section reads as follows: 

&. |The intent and purpose of (this @Acteare 

(a) to effect the conservation of) Che jodi beand seas 
resources of the Province, 

(b) to prevent the waste of the oil and gas resources 
Of Che Provinces: 

(c) to secure the observance of safe and efficient 
practices in, the locating, spacing, dridtings 
equipping, completing, reworking, testing, operating 
and abandonment of wells and in all operations for 


the production of oil and gas, and 


(d) to afford to each owner the opportunity of 
obtaining his just and equitable share of the 
production of any pool. 

Clause (b) of section 4 is particularly significant and 
to consider how it applies two of the definitions appearing in 
section 2 of the Act should be considered. They are the 
definition of "waste" which is quoted below and the definition 
of "wasteful operations" of which the relevant parts are quoted. 
Zu (ada Wasteeeicn 20d; tion tc, sits. ordinary meaning, means 
"waste" as that term is understood in the oil and 
gas industry, and includes the underground or 
surface loss through wasteful operations of oil 
Or gas or of potentially recoverable oil or gas; 

(u) "wasteful operations" means 

(i) the locating, spacing, drilling, equipping, 
completing, operating or producing of a well 
in a manner that results or tends to result 
im reducing the quantity of oil or gas 
ultimately recoverable from a pool under 
sound engineering and economic principles, 

(iii) the inefficient, excessive or improper use 
or dissipation of reservoir energy aoweves 


caused, 


While the need for maximum rate restrictions and the applic- 


ation of gas-oil ratio and water-oil ratio factors are discussed 


in Sections LII and VI of this) report, 1t may ve stated briefly 
that the objective of maximum rate limitations is to prevent 
the production of a pool or part thereof in a manner that 
results or tends to result in reducing the quantities of oil 
or gas ultimately recoverable from the pool. Maximum rate 
limitation is therefore related to the prevention of the 
wasteful operations referred to in subclause (i) Mot the 
definition of wasteful operations. Gas-oil ratio and water- 
oil ratio restrictions are applied mot only for rhe protection 
of correlative rights but also for the prevention of 
unnecessary dissipation of reservoir energy. Thus they aid 

in the prevention of the wasteful operations referred to in 
subclause (iii) of the definition of wasteful operations. 

The manner in which maximum rate restrictions and gas-oil 
and water-oil ratio factors are now applied is in accordance 
with announced policies of the Board and is described in 
Section VI of this report. Schedules of the factors that may 
be applied, both those based on gas-oil ratios and those based 
on water-oil ratios, appear in the First Schedule to the General 
Regulations under The Oil and Gas Conservation Act and are 


also included in the Appendices to this report. 


es ia hage™ 


III THE NEED FOR POOL AND INDIVIDUAL WELL MAXIMUM 


RATE LIMITATION 
9 agg are eeepc a ee EE a ee ae ee 


Sensitivity of Recovery to 
Production Rate 


In a consideration of the need for maximum rate limitation 
for pools, portions of pools and individual wells in the interest 
of preventing underground waste the two matters of concern are 
the sensitivity or otherwise of pool recovery to pool production 
rate and of pool recovery to individual well production rate. 

The views of industry and the Board on these separate matters 


and the overall view of the Board are presented in the following. 


i Sensitivity of Pool Recovery to Pool Production Rate 

(1) Views of Industry 

Several companies considered the effect of rate of production 
On recovery in their submissions or responses or testified at the 
hearing in this regard. 

Imperial stated that the concept of maximum rate limitation 
for prevention of waste is predicated on the beLrer thet ot! 
recovery is generally rate sensitive. It submitted that such 
factors as gravity drainage, pressure control and imbibition 
(usually associated with rate sensitivity) can be very 
influential at extreme rates of production but are relatively 
insensitive to rate in the practical range, re *furtnher*s tated 
that a maximum rate limitation is not an invariant characteristic 
of a reservoir, but is dependent on the recovery mechanism 


ewployed as well as on the physical nature of the Leservoir> 1ts 


me ee 


surroundings and contained fluids. 

In regard to water drive reservoirs, Imperial stated oil 
displacement is known to be affected by a great many factors 
including £luid and formation properties,  eravityve nacho 
free gas saturations and rate. In vertical systems Imperial 
contended that except at extremely high rates "the normal 
density contrast between oil and water is more than sufficient 
to balance the vertical pressure gradients induced by flow and 
this has a marked tendency to promote uniformity of the 
advancing displacement front. However, Imperial added gravity 
control is a factor deserving more consideration near the 
late stages of depletion. Imperial stated that imbibition is 
a factor which can be of importance in any water drive system 
since the process is time dependent and suggested that as in 
gravity control its importance increases with the depletion of 
one pool. It added that pressure control can also be an 
important factor related to maximum rate limitation, particularly 
where water drive does not adequately keep pace with pool 
withdrawals. 

Imperial.stated, that in.the, case of solution gas drive 
reservoirs producing withinystheypractieal ‘mange ‘of trates » “the 
recovery is not characteristicallyssensithwesto erate: Pe also 
stated that, in most cases, maximum rate criteria which can be 
safely applied to water drive pools should also be safe for gas 
drive pools and that combination drive pools (both gas cap and 


underlying water) are generally similar to the water drive pools. 


See 


Imperial submitted that in pattern floods a certain degree of 
rate sensitivity can develop which would be significant with 
regard to ultimate recovery. 

Imperial concluded that a wide variety of results is possible 
ranging from unlimited rate levels for serted on gas drive to 
only moderately high rate levels where water or combination 
drive is the controlling mechanism. 

Socony Mobil suggested that certain pools may become rate 
sensitive within particular limits but emphasized that the effect 
On recovery is difficult to ascertain. The company said that 
many pools are not rate sensitive and do not have a maximum 
efficient rate. Socony Mobil, however, in apparent agreement 
with Imperial, stated that there could be a significant rate 
effect on recovery in late stages of pool depletion. 

Amerada, Dome, CPOG, Pan American and Shell contended that 
recoveries from solution gas drive reservoirs are not rate 
sensitive and that waste could occur only at extreme rates of 
production. Amerada agreed that few reservoirs are depleted 
by solution gas drive mechanism alone. Dome questioned the 
certainty with which a maximum efficient rate for solution gas 
drive reservoirs could be calculated and questioned its 
existence. 

(2) Views of the Board 

The Board agrees with industry that the type of drive or 
recovery mechanism is the important factor in the consideration 


of rate sensitivity. 


Ae 


Oil Expansion Drive. The Board believes that recovery 


of oil through reservoir depletion by oil expansion down to 
the bubble point pressure is not rate sensitive. 

Solution Gas Drive. The Board agrees with the views of 
industry that the recovery of oil from relatively uniform 
reservoirs producing under a solution gas drive mechanism is 
independent of pool production rate within practical limits. 
The Board is convinced, however, that stratified reservoirs 
and cases where withdrawals are disproportionate with 
local oil-in-place require special consideration. In these 
pools high rates of production may result i pressure 
differentials which could lead to unequal oil desaturation and 
excessive gas-oil ratios. The extent to which a desirable 
Saturation redistribution is possible during reasonable time 
limits depends upon reservoir permeability, fluid viscosity and 
ol production rate. 

Furthermore, the depletion of a heterogeneous reservoir 
at high rates of production by solution gas drive can establish 
saturation conditions which would result in still more 
detrimental effects during any subsequent displacement by water. 

Displacement by Water. In the case of of] displacementaby 
water, the Board agrees with Imperial that recovery of oil from 
even relatively uniform reservoirs is to some extent affected 
by rate of production. The water displaces oil in the main 
flow channels at the rate of frontal advance, but oil in the 
interconnecting small pores remains controlled by capillary 


forces. Oil may be recovered from these small pores by imbibition, 


titres 


a phenomenon which occurs at its own rate independent of applied 
‘ 

external forces. At low production rates, but still within 
the economically practical range, oil recovered by imbibition 
from small pores could be Significant. In addition, where 
there is substantial permeability variation, high production 
rates could distort water fronts and leave oil unrecovered. 
Channelling, by-passing or trapping of oil by water are more 
Pronounced at high rates than at low rates where capillary 
forces have time to improve the uniformity of frontal advance. 
At low rates, gravity forces may operate to the detriment of 
uniform frontal advance where the displacement is horizontal, 
but may promote uniformity where the displacement is vertical. 
In communicating zones, cross-flow may improve the volumetric 
sweep efficiency and aid pool recovery. The amount of water 
that can enter zones of low permeability to displace oil, will 
depend upon reservoir geometry, effective permeability and rate 
ef’ proudeci on. 

Displacement by Gas. As in the case of displacement of 
oil by water, the Board agrees with Imperial that the displace- 
ment of oil by gas in relatively uniform reservoirs is somewhat 
sensitive to production rate. While there is no effect 
comparable to imbibition by water, gravity forces may lead to 
conditions where recovery by gas displacement would be rate 
sensitive. Where there is a large variation in permeability, 
mobility ratio effects further distort fluid fronts and 
increase the sensitivity of pool recovery to rate of production, 


as in the case of displacement by water. 


= Gm 


Displacement by Mus'cible VF lwid:, The Board believes that 


the effectiveness of displacement by miscible fluid is rate 
sensitive because of the time dependency of molecular GF; fa silico rie 
mechanical mixing, gravity segregation and viscous fingering 
effects. Since oil recovery from dead-end pores by diffusion 

is dependent on concentration gradients and the time during 
which these gradients are active, displacement efficiency and 
recovery depend upon production rate. Mechanical mixing and 
@tavity segregation effects ares ratersensiutive phenomena 

which can influence the effectiveness of the miscible £ ud ds isthe 
displacement efficiency and the pool recovery. Transverse 
diffusion between fingers, a time dependent process, modifies 
front profiles, improves sweep efficiency and arfects poe! 
recovery. 

Combination Drives. The Board believes that in the usual 
case of several active drives, rate may affect pool recovery 
through both its influence on the effectiveness of each drive 
and the control of drive participation in the combined recovery 
mechanism. Rate control can often reduce the role of an 
inferior type of drive and, under special CcLECumstances. 
augment the activity and efficiency of the most desirable drive 
or combination of possible drives. In this way, loss of 
recoverable oil is prevented. 

Summary. Reservoir engineering —theornys laboratory 
experiments and field observations confirm that underground 
waste in the reservoir as a whole may result from the production 


of a pool or portions of it at excessive rates. Sensitivity 


- 17 = & 


of pool recovery to production rate is in the last analysis 
dependent upon the effect of rate on displacement and sweep 
efficiencies in the presence of capillary and gravity forces 
and concentration gradients. The effectiveness of these 
phenomena varies in accordance with the reservoir drive 
mechanism. 

par Sensitivity of Pool Recovery to Individual Well 

Production Rate 

(1) Views of Industry 

Only a few companies referred specifically to the sensitivity 
of pool recovery to individual well production rate. 

Imperial stated that maximum rate limitation has significance 
only when applied to individual drainable areas and emphasized 
that any arbitrary division of such MRL's into individual well 
or production spacing unit MRL's has no real meaning. Imperial 
took the position that the recovery of oil is completely 
independent of the individual well drawdowns, individual well 
rates or individual well sandface effects generally. 

Amerada suggested that the individual well rate would be 
significant only in a few special cases. 

CPOG submitted that excess gas and water production appears 
to be rate sensitive. 

(2) Views of the Board 

The Board believes that water and gas coning and local 
encroachment of active water are affected by well drawdowns and 
must be considered rate sensitive. The Board, however, agrees 


with those in industry who contend that rate sensitive well 


mii 


perfprmance does not necessarily lead to loss of recovery from 
the pool. Nevertheless, the Board believes that under special 
conditions the individual well rate can affect the recovery 
from the pool. Segmentation of a pool by either irregular 
fluid interfaces or reservoir pressure sinks and local effects 
rendering a well ineffective in the process of producing the 
recoverable oil from its allocated spacing area over a 
reasonable time interval, are circumstances which can be 
prevented or controlled by individual well rate limitations. 
The Board believes that individual well rate limitations may 
aid in the prevention of coning and channelling, or the elimination 
of excessive localized drainage and irregular fluid interfaces. 
Where such special conditions prevail, individual wells become 
important to the effective drainage of the reservoir since oil 
which otherwise would be recovered by them may not be produced 


by other wells in the pool. 


Ss Overall Board View 

Having regard to its belief that pool recovery may be 
influenced either by pool rates in excess of those permitting 
efficient oil displacement in the reservoir as a whole “oreby 
individual well rates leading to dissipation of reservoir 
energy or impaired local displacement, the Board sees the overall 
situation as illustrated in Figure 1. This figure is a schematic 
representation of the interrelationship of the two factors which 
may influence the MER of a pool. For a pool of given character- 


istics and producing under a given recovery mechanism, there is 


a 198% 


a "reservoir" MER independent of individual well effects, which 
at any particular stage of depletion is constant regardless of 
spacing. This is indicated by line ABC, on the figure. 
Similarly, for each well there is in principle an "individual 
well'' MER, and therefore a summation of "individual well" 
MER's, which varies almost inversely with spacing. This is 
indigateduby line DBE on theanieure, Che well spacing 
corresponding with the point of intersection, B, depends upon 
the reservoir rock chapacteristics, the mobility of the 
reservoir fluids and the recovery mechanism. In many practical 
cases this spacing is well in excess of that in effect. Where 
the actual spacing is closer than that corresponding with B, 
the pool MER is the "reservoir" MER. On the other hand, where 
the actual spacing is wider than that corresponding with B, the 
pool MER is really determined by the summation of the "individual 
well' MER's. Thus, in general, the relationship between pool 
MER Bnd spacing, for a given pool, takes the form of line ABE. 
While the Board agrees with what it understands to be the 
posifden of industry, 1.€. thatiithe Ureservoir™ MER will in 
most cases control the pool MER, the Board believes that this 
may not be the case in thin pay or low permeability pools with 
wide well spacing. Furthermore, and however the pool MER may 
be established, the Board considers that in addition there may 
be special cases where loss of pool recovery could result from 
excessive rates of production at individual wells, even when the 
withdrawals from the pool as a whole are not in excess of the 


pool MER. 
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The Need for Maximum Rate Limitation in Pools 
and Portions of Pools 
1s Pools Subject to Prorating 

(1) Views of Industry 

Most of the participants in the hearing accepted the need 
for selective application of pool rate limitations to prevent 
waste; but as to the need for a uniform and general plan for 
maximum rate limitations, the opinions expressed varied greatly. 

Husky, CPOG, Great Plains, Pacific, Pan American and Shell 
supported the concept that maximum rate limitations are needed 
to prevent loss of recoverable oil. 

Nine companies - Imperial, Amerada, British American, 

CPOG, California Standard, Dome, Pacific, Pan American and Shell - 
expressed favour for "preventive" measures; six companies - 

Socony Mobil, Sun, Whitehall, Home, Great Plains and Texaco 
Exploration - thought the objectives should be "remedial" in 
scope; three companies - Hudson's Bay, Husky and Skelly - did 

not take any position regarding implementation of maximum rate 
limitations; and one company - Triad - opposed any form of a 

plan for rate limitation. 

Imperial stated that maximum rate limitation is necessary 
for prevention of underground waste. The company stated that it 
could not subscribe to the generalization that proration 
allowables are sufficient limitation on production. Imperial 
proposed an initial rate limitation intended to serve as a 
safeguard to preclude the possibility of underground waste until 


an MRL could be established on an engineering and individual 
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case basis. This company emphasized that the maximum rate 
limitation for the prevention of waste should override the 
proration allowables. 

Amerada, in its response, generally acknowledged the need 
fora safe rate limitation as proposed by «Imperial, but 
contended that solution gas drive reservoirs should be exempt 
from any such rate restriction. Amerada expressed the belief 
that the need for a pool maximum rate limitation in other types 
of pools should be ascertained on an individual basis. 

British American supported the concept of rate restrictions 
on a pool or drainable area basis by limiting the monthly 
production where necessary, in accordance with a maximum 
efficient rate determined through engineering knowledge. British 
American implied that MRL's are needed to prevent high producing 
rates at which avoidable underground waste would occur. The 
company accepted the need for a maximum producing rate of the 
type proposed by Imperial only as a substitute for an MER for 
those pools where it is impractical or premature to establish 
such an MER. 

California Standard, while apparently accepting the need 
Lor a pool rate, limitation, took the position that the maximum 
rate should be related to the proration allowable in such a way 
as to permit liberal flexibility in production operations. 

Dome supported the safe rate limitation concept recommended 
by Imperial, and suggested that solution gas drive reservoirs 
may not need rate restrictions. Dome agreed that, depending 


primarily upon driving mechanisms, maximum rate limitations 


are applicable to some pools. 

Pacific generally supported the safety concept embodied 
in the rate limitation proposed by Imperial, but did not see 
any need for detailed implementation such as on a flood pattern 
basis. 

Pan American accepted the need for a multi-well rate 
restriction as implied in Imperial's safe rate limitation 
concept and referred to areas of like recovery mechanisms as 
being significant in the implementation of any rate limitation. 

Shell supported Imperial's safe rate concept and, implicitly, 
the need for a rate limitation for pools or parts thereof. 

Socony Mobil rejected the use of safe rate limitations 
calculated from general formulas, on the basis that such rates 
would be as arbitrary as production allowables themselves. 

This company contended that in the current system the production 
rate is often limited to avoid underground waste but that many 
pools and wells in Alberta could produce at higher rates without 
a reduction in ultimate recovery from the pool. Socony Mobil, 
while rejecting the general use of rate restrictions, agreed 
that maximum rate limitation for certain pools or portions of 
pools may still be required for the prevention of underground 
waste. The company submitted that a pool production rate 

should not be restricted until the need for it had ede Sevayed 
by experience, and that the magnitude of the rate limitation 
should be based on reservoir characteristics and performance 
history. Socony Mobil, differentiating between pool and well 


rate limitations, submitted that while restrictions within a 


pool are related to equity rather than conservation, pool rate 
restrictions are required for the prevention of underground 
waste. 

Home in its response criticized the use of maximum rate 
limitations determined from general formulas. This company 
agreed that certain pools should be restricted by maximum 
rate limitations, but agreed with Socony Mobil that the need 
for rate limitation must be provéd in any particular case. 

Great Plains agreed that maximum rate limitations are 
necessary for prevention of waste in certain pools such as 
bottom tee drive pools having thin oil columns. The company 
stated, however, that there is no general need for rate 
restrictions since the proration system will act as a shield 
"presently and in the foreseeable future". Great Plains 
inferred that limitations derived from the implementation of 
a general formula would be as arbitrary as the proration 
allowables. 

Hudson's Bay, while agreeing that limits are needed to 
prevent waste or facilitate equitable withdrawals in particular 
cases, stated that allowables established through the proration 
plan are a sufficient limitation of production rate and there is 
no need for overriding maximum rates. This company expressed 
the belief that there may be a need for maximum rate limitations 
in pools where there is substantial reallocation of production 
because of extreme gas-oil ratio penalties or where widespread 
coning may affect recovery. Hudson's Bay did not agree with 


Imperial that there is general need for initial safe rate 
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limitations or rate restrictions for individual flood patterns. 

Skelly took a distinct position regarding need for maximum 
rate limitation by implying that any pertinent policy should 
encourage implementation of the most appropriate of possible 
enhanced recovery programs. 

(2) Views of the Board 

The Board agrees with the majority of those giving evidence 
at the hearing to the effect that pool MRL's are necessary to 
prevent waste which may take place throughout the entire or 
substantial portions of a reservoir. 

Having regard to the preceding discussions and the difference 
in concept between proration allowables and MRL's, the Board does 
not believe that proration allowables could be substituted for 
MRL‘'s. In addition, the Board concludes that MRL's should not 
be related to proration allowables in any way and expresses its 
disagreement with California Standard in this regard. 

The Board agrees with the participants in the hearing 
believing that there is no universally applicable formula for 
the determination of pool MER's. The determination of specific 
pool MER's requires representative reservoir fluid and rock 
data, significant performance history and detailed knowledge 
of recovery processes, and therefore time to evaluate a newly 
discovered pool. Consequently, the Board is concerned with 
the proper protection of pools against detrimentally high 
rates, until an MER can be determined. This indicates a need 
for a method of ensuring that pool rates are not excessive and 


presumably for a procedure of calculating safe MRL's in the 


early years of the pool life. Whether or not a generally 
applicable formula for the calculation of such MRL's can be 
devised, the Board is confident that the application of sound 
engineering principles will provide guidance to the establish- 
ment of appropriate rates. : 

The Board believes there should be a Province-wide policy 
based upon sound engineering considerations and clearly and 
exclusively directed at the elimination of underground waste. 
In the Board's opinion such a policy should permit proper 
consideration of reservoir or individual well peculiarities 
and should not result in pool rate limitation except where 
necessary for the prevention of economically avoidable waste. 


Furthermore, the policy should be simple to administer. 


Hiss Pools not, Subject to’ Prorating 

General 

(1) Views of Industry 

Hudson's Bay, Imperial, Socony Mobil, British American, 
Dome, Pacific, Shell and Texaco Exploration supported the view 
that in a consideration of maximum rate limitation, unprorated 
pools should be treated in the same manner as prorated pools. 

Hudson's Bay anticipated, however, that few unprorated 
pools need be rate resrriered having regard to the relative 
importance of economics and recovery, 

Whitehall contended that unprorated pools should not be 
subject to maximum rate limitations unless demonstrated to be 


necessary for elimination of waste and improvement of recovery. 
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California Standard favoured good engineering practices 
and liberal rate restrictions. 

(2) Views of the Board 

The Board, having regard to the concepts underlying the 
need for pool MRL's agrees with companies contending that, in 
principle, there is no difference in the need for MRL's in 
prorated and unprorated pools. 

Heavy Crude Oil 

(1) Views of Industry 

Husky contended that a general formula for establishing 
maximum well rates would likely cause inequities between light 
and medium crude oil and heavy crude oil. The company, while 
recognizing that in general some restriction is desirable, 
did not see a specific need for maximum rate limitations 
applicable to pools producing heavy crude oil. 

CPOG agreed that rate restrictions are indeed needed in 
particular cases to eliminate avoidable loss in ultimate 
recovery. 

British American, while advocating that unprorated light 
and medium crude oil pools be subject to the maximum rate 
restrictions applicable to prorated pools, recommended that 
heavy gravity asphaltic oil pools, of the Lloydminster type, 
be exempt. 

Great Plains proposed that only the "Lloydminster type" 
of production be exempt from maximum rate limitations. 

Whitehall proposed that Husky's recommendation regarding 


establishment of special limiting rates for the Lloydminster 
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heavy crude oil reservoirs should be considered at the stage 
when reservoir data and production history are available for 
the establishment of MER's. 

Imperial submitted that there are no reasons for exempting 
heavy crude oil reservoirs from rate limitation requirements. 

Several companies appeared to consider heavy crude oil 
reservoirs in the same category as unprorated pools and did 
not submit specific recommendations. 

(2) Views of the Board 

The Board recognizes that heavy crude oil pools have their 
own peculiarities in terms of high viscosity and drawdowns, 
sand and shale sloughing, long flood-out times and related 
production problems. In the Board's opinion, hqwever, the 
differences between heavy crude oil and light and medium 
crude oil pools are of degree rather than kind. The Board 
agrees with Imperial that arguments for special consideration 
of Lloydminster type pools are pertinent to the establishment 
of an individual pool MRL rather than to the design of a 
general plan for maximum oil production rate limitation. 

The Board concludes that the same basic principles 
regarding the need for maximum rate limitation in pools should 
apply to light, medium and heavy crude oil pools. 
The Need for Individual Well Maximum Rate 
Limitation 
Li General 

(1) Views of Industry 


Of the companies participating in the hearing, only 
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Whitehall saw a need for individual well rate limitation on a 
general basis, and only it indicated objectives of such 
limitation. 

Whitehall contended that, in the absence of ather 
limitations, a well MRL is needed to effect conservation 
generally, preserve equities and minimize reservoir drainage 
under extreme conditions of transfer of allowables. The 
company, however, expressed favour for a remedial approach 
in the implementation of individual well rate restrictions. 

Hudson's Bay contended that, excepting restrictions for 
injection~-production balance, individual well rate limitations 
are unnecessary. 

Husky contended that well bore conditions appearing to 
indicate damage, do not necessarily result in loss of recover- 
able oil from the pool, and each case must be tested and 
analysed individually. 

Imperial stated that individual well rate restrictions .- 
are not required fox the prevention of underground waste. 

Socony Mobil rejected a general need for individual well 
MRL's but agreed that in certain circumstances high well rates 
could be detrimental to ultimate recovery. 

Sun stated that a discontinuation of maximum permissive 
rates for oil wells would not have an adverse effect on 
conservation but might present a problem of lease boundary 
drainage. The company, however, agreed that individual well 


MRL's could be needed, should the proration allowables increase 


substantially. 
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Amerada opposed individual well MRL? eR a general basis 
but accepted that well rates are significant in a few special 
cases. 

British American questioned the need for individual well 
rate limitations by contending that the system of BE eae igs 
allowables provides sufficient incentive against rates leading 
to undesirable conditions near wells. 

Dome expressed the belief that well bore production 
mechanisms suggest the need for maximum rate limitations 
only in extreme cases. 

Pan American submitted that gas-oil and water-oil ratio 
penalties and lease boundary controls are sufficient precautions 
in terms of individual well rate limitation. This company 
reiterated that individual well limitations are unnecessary 
and impractical. Pan American, however, agreed that individual 
well maximum efficient rates indeed exist and that cases may 
occur where a high well rate would cause reservoir damage and 
underground waste. Pan American testified that the individual 
well MER may be related primarily to the reservoir and its 
recovery mechanism, rather than the well itself. 

Shell questioned the validity of calculated maximum 
efficient rates for individual wells. 

Texaco Exploration contended that underground waste 
caused by conditions at the well bore can occur only wines 
limited number of cases and'it can be prevented without 
implemention of individual well rate limitations. 


Triad referred to practical restrictions of individual well 
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Production and, except for lease boundary wells, opposed 
individual well rate restrictions. 

From the above and additional testimony at the hearing, 
it is clear that the industry, while opposing a general 
application of MRI's on an vindividual well basis, agreed 
that individual well MRL's may be desirable in exceptional 
cases. Drawing from all the views expressed, the objectives 
appeared to be 

(a) avoidance of reduction of pool recovery by 
safeguarding the productivity of wells required 
for recovery, 

(b) avoidance of recovery loss by widespread gas 
Or water coning or, in the case of thin column 
reservoirs, by water encroachment, 

(c) elimination of shrinkage of gas-cap because of 
extensive gas channelling, 

(d) prevention of excessive pressure drawdowns leading 
to formation of zones or channels of high gas 
saturation and thus avoiding preferential gas flow. 

(2) avi OwSs- 0.0 1b be. Boamd 

The Board agrees with industry that individual well <MRL's 
are mot redgiuirad, on @aaseneral basis but that in-specital 
circumstances they may be necessary to prevent loss of recovery 
from areas which cannot be served effectively by any other 
wells completed in the same pool. While the functions of gas- 
oil ratio, and water-o11 ratio eS Ae are discussed separately, 


it may be stated at this time that the Board believes these 
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controls help minimize coning and other conditions leading 

to a loss of recovery from the entire or substantial portions 
of a pool. Cases exist, however, where prevention of gas and 
water coning is both desirable and possible at practical rates. 
The occurrence of these cases suggests that GOR and WOR 
controls may not in themselves be adequate and individual 

well MRL's may have to be instituted to reduce individual well 
rates below that which would result in a pressure drawdown 


causing coning. 


ae Control Wells 

Giyy Views of Industry 

Several participants recommended that maximum rate 
limitations be applied to control wells offsetting competitive 
lease boundaries to protect owner rights. 

Hudson's Bay stressed production limitation of wells in 
areas offsetting competitive lease boundaries. 

Socony Mobil expressed the belief that rate restrictions 
within a pool are related to equity rather than conservation 
and stated that conservation concepts should not be used as 
excuses to achieve equities. The company strongly argued that 
the maintenance of equities is a problem removed from that 
of maximum well rate limitation for reduction of underground 
waste. 

Sun implied that well rate restrictions solve problems 
of lease boundary drainage. 


Whitehall suggested that maximum permissive rates are 
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implemented partly to prevent inequities. 

Pan American contended that lease boundary restrictions 
were satisfactorily considered in procedures for determining 
lease allowables and believed that additional restrictions 
are unnecessary. 

Triad, although opposed to general limitations, favoured 
well rate restrictions for lease boundary wells. 

In apparent agreement with Hudson's Bay and Pan American, 
Imperial suggested that it is the purpose of the GOR, WOR, 
target area and lease boundary control regulations to maintain 
equities. In particular, the company stated that GOR penalties 
were instituted not to control withdrawals for conservation 
purposes, but to preserve equities among wells in a pool. 
Imperial expressed the opinion that in any case, recommendations 
concerning control wells are not a proper matter for consider- 
ation for this review since they are not related to prevention 
of waste, and reiterated that procedures for restriction .of 
control wells already exist. 

Texaco Exploration agreed in general with Imperial. 

British American also rejected the concept of control 
wells being assigned special status in a consideration of 
maximum rate restrictions. 

(2) Views of the Board 

The Board appreciates the concern of companies both for 
protection of correlative rights and avoidance of possible 


damage by improper operation of offsetting wells. 
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With respect to the correlative rights matter under 
conditions not involving loss of recovery from the pool, the 
Board believes that situations which may be prejudicial to 
such rights would be controlled by the proration allowables, 
the rules for the formation of PSU's and the app i Gama ce 
GOR and WOR penalties. In any case, having announced that 
the subject of the hearing was the limitation of rates for 
the prevention of waste, rather than the protection of 
correlative rights of owners, the need for control well 
restrictions in this context is not a matter for consider- 
ation at this review. 

With regard to reservoir damage to offsetting properties, 
the Board considers that a well could hardly cause underground 
damage to adjacent properties without first damaging its 
immediate surroundings. At this stage, the well's rate 
would in all probability be already limited by gas-oil ratio 
or water-oil ratio penalties. Moreover, the Board expects 
that the extent of such damage would be largely dependent 
upon the relation between total fluid influx or injection 
and production, and the pressure resulting in various parts 
of the reservoir. These factors for the most part would be 
controlled through the setting, when necessary, of an MRL 
for the pool or a portion of it. In extfeme@*cases tnidivraual 
well MRL's may be required, but this would not depend on 


whether or not the wells are control wells. 
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Relationship of GOR and WOR Control to 
Pool and Well Maximum Rate Limitation 

(1) Views of Industry 

In testimony at the hearing, gas-oil and water-oil ratio 
control were related to the need for implementation of maximum 
rate limitation in various. ways. 

Imperial stated that gas-oil ratio control becomes 
significant in limiting “individual well rates when GOR 
differences develop among wells in a pool. 

Hudson's Bay submitted that gas-oil ratio penalties 
together with proration allowables adequately eliminate rates. 
detrimental to any reservoir or well. 

Pan American appeared to agree with Hudson's Bay, and 
emphasized that individual well production rate restrictions 
enforced by GOR and WOR penalties, together with lease boundary 
control, are ‘sufficient limitations 

Amerada, while opposing maximum rate restrictions in 
solution gas drive reservoirs, advocated continued application 
of gas-oil and water-oil ratio controls. 

British American inferred that gas-oil and water-oil 
ratio controls are sufficiently strong incentives for good 
conservation practices. 

Triad inferred that production at high gas-oil ratio did 
not necessarily result in permanent damage. 

(2) Views of the Board 

The Board believes that GOR and WOR controls further 


production of oil with reduced amounts of gas and water and 


ee Ye 


promote efficient utilization of reservoir energy, but it does 
not believe that GOR and WOR controls are sufficient to 
replace pool or individual well MRL's,. 

Depending upon relative permeability characteristics and 
gas saturation variations, GOR control can effect conservation 
by restricting production from areas or zones of relatively 
high gas saturation and permitting time for Saturation 
redistribution. 

Excessive production of water can impair the sweep 
efficiency of the displacement process and lead to loss of 
recovery from the pool. Prevention of ineffective use of 
existing water as an oil recovery agent is an essential 
measure in the conservation of oil. WOR control helps to 
conserve water at its proper positions in the reservoir and 
therefore aids in the prevention of irregular fluid interfaces 
and undesirable reservoir pressure drop. 

The Board agrees with Imperial that GOR control, and in 
addition WOR control, are principally effective when differences 
among wells develop in gas-oil and water-oil ratios within a 
pool. The application of GOR and WOR control affects only the 
extent of coning that already exists, but the provision of such 
penalties acts as a deterrent to production practices which 
could lead to coning. In this way, GOR and WOR control supple- 


ments maximum rate limitations. 


= ae 


IV PRESENT PRACTICE OF MAXIMUM OIL PRODUCTION 
RATE LIMITATION 
Introduction 

Prion tomthe discovery of ‘the Leduc ott Pletd in LOT sthe 
Board exercised maximum rate limitation on Ott productionson a 
daily basis in the Turner ValYey ofl field, but in small fields 
elsewhere in the Province, rather than institurine tormat 
restrictions, it) required Operators to produce in accordance 
Witieeoodsproduet ion practice "~~ The “allowables™ established for 
weltS=-an- tie Turhler™ Valley Field were for the dual purpose of 
ensuring that production rates were not go high as to cause waste 
and’ of serving correlative Tights, following, the discovery of 
Leduc and until September, 1950, maximum rate limitation was 
imposed in the intérest of prevention of waste in toe Leduc . 
Redwater and other newly discovered pools, the rates being 
determined in the case of each pool on a Separate consideration 
Of Vehe reservoir —Characteéristics and the PrOMWe liye ol st ne 
average wells. 

In September, 1950, thé Board established a Systematic method 
of maximum rate limiation which it applied to all pools except 
Turner Valley and the pools which formerly had been produced under 
Eaod "production practice. The method was expressed in a formula 
for the calculation of the "maximum permissible rate" (MPR) of 
production Of an individual well, “The MPR formula, as.it was 
called, was devised by the Board for the purpose of setting maximum 
individual well rates early in the life of a pool on a consistent 


basis and having regard to sound reservoir engineering principles. 
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It took account of well spacing; pool average values of pay 
thickness, porosity, connate water and reservoir fluid shrinkage 
factor; degree of development of the reservoir; and in a general 
way the nature of the reservoir drive mechanism, the expected 
recovery and the minimum producing life under good engineering 
practice. 

In essence the formula was a volumetric one, expressing 
the MPR as ultimate, or initial recoverable, reserves for an 
average well divided by an appropriate producing (lite... ltsas 
to be noted that the original intent was that the MPR formula 
would be used only until accumulated knowledge of a reservoir 
would permit the determination of its true "maximum efficient 
rate’ (MER) through a thorough understanding of the pool recovery 
process. 

The factor relating to the degree of development of the pool 
was removed from the MPR formula in two steps on May leloosr 
and May 1, 1959. The form but not the content of the MPR formula 
was changed in 1960 by expressing ultimate reserves and producing 
life in®explicit forms” Also “in 1960 the Board claritiedei pe 
views on well productivity in relation to the MPR. The 
productivity requirement it adopted specified that the MPR for 
a well in a pool be not greater than elghty per cént or the 
estimated current productivity of an average well in the pool. 

Documents published by the Board giving details of the 
MPR formula at the time of its adoption, amendments to it, its 


modified form, and clarification of the MPR in relation to 
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productivity are reproduced in Appendix A to this report. 

The MPR determination by formula with the individual factors 
established following discussion with industry served as the 
imitation one a dally basse or thet production*’tate*tor*’bil*wells 
until, in December, 1950, the jioard at the request of industry, 
instituted a® plan fori proration of°o1l te market’ demand? The 
MPR became one factor in determining the average daily allowable 
set under Lue proratlone plan “and, in addition continued to play 
a major role in the determination of the maximum daily rate of 
production of individual wells. Inasmuch as the proration plan 
provided for a minimum rate or "economic allowance" for all wells 
regardless of MPR, in those cases where the calculated MPR was 
less than the economic allowance, the MPR Lost its significance. 
The MPR has continued to be a factor in the proration plan since 
inception and will remain so until April 30, 1965. 

The foregoing refers to the setting of MPR's for individual 
wells. In certain cases pool MER's or pool MPR's have been set 
and here the Board has calculated the equivalent individual well 
MPR as the pool MER or MPR divided by the number of capable 
wells. Where pool MER's or MPR's have not been set, the maximum 
oil production rate from pools has been limited only through 
the summation of the individual well rate limitations. 

Recognizing the need for flexibility in production operations, 
the Board has provided in its monthly proration orders that 
individual wells could produce at maximum daily rates which are 


equal to the greatest of 50 barrels per day, approximately 1.25 
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times the average daily allowable or the MPR. 

From this it is seen that four distinct methods related 
to the limitation of maximum oil production rate have developed. 
These.are all in jeffect at, the present time. Further elaboration 
on the way in which these rate lfwitations: are currently 


established and employed on both a well and pool basis follows. 


Details of Present Methods 

Good Production Practice. A few pools, most of them in 
the heavy crude oil category and none subject. to prorsa tion, 
are operated under "good production practice". Generally 
speaking, the requirement of "good production practice" has been 
applied only to pools of relatively low productivity discovered 
prior to Leduc. Where there is this requirement, Le ie the 
responsibility of an operator to produce his welis in such a 
manner that underground waste will not occur and an MRL is not 
prescribed by the Board. 

furner Valley Field) = Brown Plans. A variety of methods 
of maximum rate limitation were applied in the first few years 
of oil production in the Turner Valley Field. In 1942 the 
so-called "Brown Plan" was introduced. It provides for maximum 
daily rates of withdrawal of 25 barrels of reservoir fluid per 
acre per day, measured at reservoir temperature and pressure, 
and is applicable to all wells, in the field. whether producing 
in the gas cap or the oil zone. Maximum rate limits under the 
Brown Plan were administered for the first year of its applic= 


ation on a daily basis, in the subsequent ten-year period on a 


wales 


monthly basis, and since then on an annual basis. (The principle 
of equalization of reservoir voidage developed in the Brown Plan 
subsequently has been extended in the form of gas-oil ratio 


penalties to other oil fields in the Province.) 


Maximum Rate Limitation through the Greatest 
of/ 20 "Barre Us per Day Pelee x othe Average 


Daily Allowable or the MPR. Maximum rate limitation on a 


daily basis for wells operated on an individual basis, and for 
units and projects in all designated oil pools except Turner 
Valley and those under good production practice, is prescribed in 
the Board's proration order. For wells operated on an individual 
basis, the limitation in barrels per day is the greatest of 50, 
the average daily allowable multiplied by 1.25 or the calculated 
MPR. 

For wells operated on an individual basis in oil pools which 
are not designated or are designated only on account of their 
inclusion in gas fields, MRL's are prescribed in individual 
letters to operators rather than being shown in the Board's 
proration order. In these instances the procedure for establishing 
MRL's is comparable to that for wells in designated oil pools, 
except that the lowest MRL is 75 instead of 50 and the calculated 
MPR is determined on the basis of the characteristics of the 
individual well affected. 

The MRL for a unit, portion of a pool under fully effective 
enhanced recovery, or an entire pool is equal to the sum of the 
MRL's of the individual wells involved. In all units and in 


portions of pools under fully effective enhanced recovery 
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schemes, however, only lease boundary or control wells continue 
to be subject Co ther individual) wel leMRip 

Penalties for excess gas and excess water production for 
individual wells, units or projects are not applied against .the 
MRL. 

Pool MER and Pool MPR. The "maximum efficient rate" (MER) of 
production is that rate of oil production. 1or, a partaculanespoce 
which if exceeded would lead to economically avoidable under- 
ground waste and thereby loss of ultimate oil recovery. The 
MER depends on recovery mechanism, physical characteristics of 
the reservoir, nature of the reservoir fluids and degree of 
depletion. The MER is determinable only after a significant 
amount of edie on enero s and detailed reservoir engineering 
analysis. 

MER's have been established by the Board for a few major 
pools including Bonnie Glen D-3A Pool, Fenn-=Big Valley D-29 Poole 
Redwater D-3 Pool, Stettler Main D-3 Pool, Wizard Lake D-3 A Pool 
and Westerose D=-3 Pool. For a pool with an MER established, 
provided LueusenoOL subject Co unit openabion,) the MRE Gon. awe ll 
basis is prescribed in the proration order and is calculated 
by dividing the MER by the number of capable wells in the pool. 

In each of, several mature pools subject to satisfactory 
drive mechanism a pool MPR has been established by the Board 
as an approximation to the pool MER. In these cases also the 
MRL for individual wells is determined by dividing thetpool 


MPR by the number of capable wells. 
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Deficiencies in the Present Methods 

During the hearing representatives of industry made 
reference to a number of deficiencies which they saw in the 
present methods of establishing MRL's for individual wells, 
portions of pools and entire pools. The major deficiencies 
seen by industry and the views of the Board thereon are 
discussed in the following. In addition certain other 
deficiencies seen by the Board itself are commented upon. 
Le Multiplicity of Methods 

(1) ©Views¥otrindustry 

Industry did not comment on the multiplicity of methods 
currentilyvemployéd by the Board for théecsettinge of MRL's but 
confined its criticism to the method most widely used, i.e. the 
setting of MRL's through the MPR formula. 

(2) Views of the Board 

The Board@doestnot* thinksit suitabler that) methods so 
various as now employed should be used for setting MRL's. It 
believes as mentioned earlier that to the extent that MRL's 
may be necessary for individual wells, portions of pools or 
entire pools, there should be a common policy based upon sound 
engineering considerations and clearly aimed at the prevention 
of underground waste. 

The Board does not believe that arbitrary limits such as 
50 barrels per day, 75 barrels per day or 1.25 times the iverace 
daily allowable conform to such a policy. The Brown Plan 
employed in Turner Valley was designed for the dual purpose of 


prevention of underground waste and protection of correlative 


a 


rights. With the substantial pressure depletion of the pool, 
widespread unit operations and the institution of enhanced 
recovery operations, its significance as a means of preventing 


underground waste has been all but lost. 


2 Applicability of Maximum Rate Limitations to 
Individual Wells, Portions of Pools or Entire 
Pools 


(1) Views of Industry 

Hudson's Bay, Imperial, Socony Mobil, Sun, Amerada, British 
American, Shell, Texaco Exploration and Triad, all expressed 
criticism of the Board's present practice of applying MRL's 
on an individual well basis, contending, as has been mentioned 
in Section III, that there is no general need for such limitation 
for the prevention of waste. 

Imperial indicated that present limitation (through the 
total of individual well MRL's, pool MER's or pool MPR's) on 
a pool-wide basis or for portions of a pool was not always 
adequate and that fundamentally limitation should be on a 
"drainable area" basis. In this concept Imperial received only 
partial endorsation from other companies. Particularly in 
reference to pattern flood schemes, others considered the 
application of the drainable area concept as being unnecessary. 

(2) Views of the Board 

With respect. to the applicability of MRIs tovindividual 
wells, the Board agrees with the majority of industry that the 
present methods result in the fixing of such MRL's even where 


they do not appear necessary for the prevention of waste. 
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The Board also recognizes the validity of the criticism 
that the present method with respect to portions of pools and 
entire pools gives insufficient recognition to the portions of 
pools which may behave separately from one another and, through 
both the average well concept and the application of the MRL on 
a pool-wide basis or even to portions of a pool, inadequate 
limitation may result in some portions of pools while unnecessary 
limitation may be imposed on others. This does not apply 
however in cases where pool MER's have been established nor 
fully in cases where pool MPR's have been established. 
or The MPR Formula as a eed of Calculating MRL's 

for Wells, Pools and Portions of Pools 

(1) Views of Industry 

Most of those making submissions at the hearing made it clear 
one way or another that they did not believe the MPR formula was 
a suitable ftamniework for the determination of MRL's, even 
conceding their need. Particularly definite in this view were 
Imperial and Socony Mobil. 

The industry criticism was directed chiefly to the role of 
the MPR formula in determining the MRL for a pool or a portion 
thereof, whether by the aggregating of individual: well MPR's or 
otherwise. 

Imperial stated in its submission that the MPR formula, 
while meant only as an interim "hand rail to POS cine eh aa 
tended to supplant the basic MER concept. It contended moreover 
that well factors were oe cueeats which undermined the technical 


significance of the MPR formula and left it solely as a market 
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sharing device. In a similar vein, Socony Mobil expressed 
the belief that as a result of the dual use of the MPR, in 
the proration plan and in limiting production rates to avoid 
waste, the MRL as presently determined from the MPR formula 
is not a realistic maximum rate necessary to avoid waste. 
California Standard, Dome, Home, Pacific and Shell supported 
one or another of these viewpoints. 

(2) ,Views of the Board 

The Board agrees with Imperial that the MPR formula was 
intended as "a hand rail to judgement" and not as a substitute 
for detailed individual pool MER studies. The intended function 
of the MPR formula is made clear in the documents in Appendix A. 
The Board does not understand the criticism that the MPR 
formula has tended to supplant the MER concept, unless the 
suggestion is .that the MPR formula ,ftenyhas ppesultedeinga pool 
MRL close to or even greater than would have been indicated by 
an MER study and, therefore, that operators have not pursued 
such studies. Certainly the Board has given great weight to 
all detailed MER studies it has received. 

Imperial's reference to the undermining of the technical 
significance of the MPR formula through the introduction of 
well factors is taken to be a reference to the “iife facuon. 
(related to well spacing, pool average permeability, pay 
thickness, etc.) and perhaps also,to the arbitrary simiting 
of the MPR to eighty per cent of the demonstrated average well 


productivity. Socony Mobil's. comments, to, the, effect, that) ithe 
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MRL determined by the MPR formula is not realistic appear 
related. 

The Board has reviewed the MPR formula and the way in 
which it is employed from the point of view of the objectives 
of maximum rate limitation in general and having in mind the 
many possible causes and’ sources of the underground waste to 
be prevented. While basically the formula is a simple 
expression of the ratio of ultimate reserves to producing life, 
the estimation of the recovery factor and particularly of the 
producing bifelis difttacuit., lnrouch the sincorporatton ofspoo. 
average ultimate reserves per spacing unit, the Board believes 
the formula is in this respect properly related to overall 
pool recovery. On the other hand, the estimation of a 
producing life, which should have regard for factors affecting 
both reservoir drive mechanism and the rate and time of movement 
of reservoir fluids to the well bore, has in practice been 
thought of more in terms of well spacing and typical well 
performance than of overall reservoir performance. 

One way of considering the formula is to recognize that 
it represents an attempt to combine in a single simple statement 
the factors which might most affect a "reservoir" MER and those 
which would appear most significant in determining an "individual 
well" MER. The Board recognizes the difficulties inherent in 
arriving at a proper such combination and the fact that the 
MPR formula has shortcomings in this respect. As applied to 
pools of excellent reservoir characteristics the formula yields 


a pool MRL virtually independent of spacing and comparable to 
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that indicated by segment AB in Figure 1. This result is 
proper because for such pools the true pool MER would be the 
"reservoir’¥eMER* within’ thepractical ‘range of off well spacing. 
On the other hand, when the formula is applied to pools of 

poor reservoir characteristics it yields a pool MRL which is 
nearly inversely proportional to well spacing as indicated 

by line DBE of Figure 1. The result may be satisfactory within 
the spacing range corresponding with segment BE but would 
exceed the "reservoir'' MER at closer spacing - as along segment 
DB« 

Aifurt hWereshortcomtiin? oh the “t= ormula vs thatepool 
depletion effects may not adequately be recognized since they 
are accounted tor only 2ndirectly through thesproducrag fire. 

In the case of enhanced recovery schemes the MER or its 
equivalent cannot be determined by any general formula, 
including the MPR formula, based solely on reservoir and related 
fabeseal This is because such enhanced recovery schemes are 
designed to overcome the restrictions of natural reservoir 
factors and to permit production at forecast rates. Frequently 
ajhdghydegreeioftartificial control may thereby, resuse. chhe 
optimum producing rate depends to a large extent on factors 
such as the number and location of injection wells and the 
kinds of fluid injected and is determined by the design of the 


scheme and the realization of its objectives. 


4. Period of Applicability of Maximum Rate Limitations 


Cl) Wiews) or sndus try. 
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Nearly all companies making submissions indicated that 
the present application of MRL's on a daily basis, as distinct 
from a longer period, was unnecessary in the interest of 
conservation. Their contention was that production at high 
rates would have to continue over months or perhaps years 
before underground waste would occur. Whitehall alone 
expressed the contrary view that serious reservoir damage 
could take place in a period of time as short as a day. 

(2) Views of the Board 

In those cases where the sum of "individual well" MER's 
exceed the "reservoir" MER, the Board agrees that the pool MRL 
need not be set on a daily basis and that the present daily 
basis is unnecessarily restrictive. On the other hand, where 
the sum of "individual well" MER's may control the true pool 
MER, the Board does not agree that the daily basis is necessarily 
unsuitable. The Board believes that where gas or water coning 
and other phenomena related to well bore drawdown may cause 
waste, their proper control may require individual well MRL's 


on a daily basis. 
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V SPECIFIC PROPOSALS REGARDING MAXIMUM RATE 
LIMITATION 
Pool Rate Limitation 

(1) Views of Industry 

Maximum rate restrictions to pools or parts of pools were 
supported in general by Imperial, Amerada, British American, 
California Standard, Dome, Pacific, Pan Amenican and Snelie 

Imperial stated that MER's should serve as the basis for 
maximum rate control, but that, as MER's are not determinable 
early in the life of a pool, a safe maximum rate should be 
set to apply until MER studies are feasible. 

It suggested further that any maximum rate was significant 
only 1f) utili ed. for ~alsparti cuban drained vevares defined by 
natural or artificial boundaries, which may comprise abltor 
pant. ofsiay pool. It saiids that within each drainad le*area 
recovery would be insensitive to the number of wells, and 
reservoir factors governing performance might be averaged for 
the drainable area. 

Imperial recommended an arbitrary maximum monthly rate 
(MMR) for each drainable area, of 9000 barrels per month per 
million barrels of proratable reserves, where proratable 
reserves are the reserves attributed to the drainable area 
under the new proration plan and are equal to ultimate reserves 
of the drainable area Tess’ half Gts cumulative producti. 


The formula recommended was: 
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MMR = 9000 x 107° (vu - P/2)py, in stock tank bbl/month, 


where U is the wltimate recoverable reserves in 
stock tank bbl, 


P is the cumulative production in stock tank 
bbl, and 


DA refers the values to the drainable area. 

Imperial also said that under the drainable area concept, 
individual five- and nine-spot patterns within a project would be 
separate drainable areas, but that for peripheral floods the 
entire area within the peripheral flood would be a drainable 
area, in the absence of significant distinguishing features. 

Imperial contended in its submission that its proposed MMR 
formula gave maximum rates which were suitable. In particular 
it stated that experience in the United States with high 
production rates and studies of the effect of rate on recovery, 
though giving a wide range of results, indicates that the range 
in the estimates of safe percentage depletion rates per year 
mostly fall between 5 and 15 per cent of ultimate reserves. 

It added that in Alberta MER studies have been reported for 
a number of major pools and several smaller pools and that these 
indicate that, depending on the pool, sustained rates within the 
range of 8 to 12 per cent depletion per year should not cause 
reservoir damage or waste. In comparison the percentage 
depletion rates per year in terms of ultimate reserves permitted 
through application of Imperial's MMR formula commence at a rate 
of 10.8 per cent, decline to a terminal rate of 5.4 per cent 
and average about 8 ‘per cent over the pool life. 


Imperial submitted that the formula gives a minimum reserve- 
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life of about 13 years in comparison Jace eRe life,forja westlwin 
a 40-acre spaced pool of about 10 years provided by the Alberta 
MPR formula. Imperial said that by this comparison (for pools 
on 40-acre spacing) the Imperial MMR proposal gives rates which 
are generally conservative, particularly at advanced stages of 
depletion. A Board staff comparison of corresponding MMR's and 
MPR's submitted by Imperial indicated that on the average the 
pool MMR was 95 per cent of the pool MPR. 

To avoid arbitrary application of MMR's to individual wells 
during the early life of a pool when drainable areas may not be 
readily defined, Imperial proposed that no maximum rate 
limitation be applied until two years after pool designation. 

It submitted that this procedure should be satisfactory because 
the instantaneous MER is generally highest during this early 
period. 

Imperial further submitted that no MMR's should be assigned 
ea solution gas drive drainable areas because their ultimate 
recovery is characteristically not rate sensitive. A similar 
view was expressed by Amerada, Dome, CPOG, Pan American and 
Shell. 

Imperial .further proposed that, where the formula gave a 
rate which was less than the minimum allowance rate provided 
under the proration plan, the minimum allowance would apply. 
This proposal was supported by British American. Imperial 
added that it would be unnecessary to adjust the minimum rate 
upwards to provide flexibility in daily operation if the 


minimum well allowance were also applied on a monthly basis. 
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Imperial stated, in reply to a question by Husky, that 
it had not tested the applicability of its MMR formula to pools 
of the Lloydminster Enee producing heavy crude oil. It added, 
however, that the formula should be applied to all types of 
pools not excluded by the provisions of its proposal. 
Imperial submitted that the proposed MMR formula should 
be applied on a drainable area basis and that it would provide 
maximum rates which 
(a) would preclude the possibility of waste in reservoirs 
of widely different types at various stages of 
depletion, 
(b) should be high enough so as not to encourage 
unnecessary or premature MER studies, 
(c) should not arbitrarily inhibit operating efficiencies 
where conservation is not affected, and 
(d) should have technical and administrative simplicity 
and require only such data as are commonly available. 
As discussed in Section III, Imperial expressed the belief 
that, because, of ‘thet difiiculty of determining ithe MER. 
particularly early in the pool life, the MMR proposed was 
appropriate as an interim MRL. Further, for reasons discussed 
in Section III, it did not believe a daily rate limitation to 
be necessary. 
None of the companies supporting maximum rate led gS one 
agreed completely with Imperial's concept of drainable areas. 


British American said that pools should be divided for MMR 
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purposes only in accord with obvious and major differences in 
reservoir characteristics. Pacific and Pan American proposed 
that separate maximum rate restrictions be assigned on the 
basis of proratable reserves for areas of a pool subject to a 
particular type of recovery mechanism such as waterflood. The 
maximum rate limitation for the mechanism would then be 
apportioned onan aréa basis to areas of etopceaarn ownership. 

Pan American and Dome both said that the areas recognized for 
the application of MMR’s should be the same as vareasmwit nina 
pool recognized in applying the new proration plan. Hudson's 
Bay took the same argument further, contending that the 
drainable area concept not only deviated from the new proration 
system, but to some extent substituted proration on the basis 
of drainable areas for proration on the basis of. area modified 
by recovery ftactor: 

Imperial in rebuttal stated that it was reasonable that 
the drainable area concept should deviate from the concept of 
pool proration. It added that the two concepts were unrelated 
with pool proration being for the purpose of giving each well 
owner the opportunity of producing his just and equitable 
share of the oil in the pool and maximum rate control being 
concerned with prevention of waste. While agreeing that 
maximum rate restrictions can affect proration, as Hudson's 
Bay contended, it expressed the belief that this was proper 
since proration considerations should be subordinate to 
conservation. 


Shell took the position that the imposition of a maximum 
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rate for individual patterns in any pressure maintenance scheme 
would be a superfluous restriction that would add administrative 
complexity without aiding the overall objective of eliminating 
waste and reservoir damage. It submitted that the MMR in any 
pressure maintenance scheme should pertain to the project or 

unit area as a whole. im addittom shell did not’ support Imperial 's 
Proposal that an MMR should not be applied during the two years 
immediately following pool designation. Shell submitted that 

in a small pool damage could occur in the first two years as 

well as later. 

Hudson's Bay, as mentioned in Section III, expressed the 
belief that proration allowables would continue to be 
sufficiently low for many years to render MRL's unnecessary. 

Socony Mobil took a position similar to that of Hudson's 
Bay in that it recommended that each pool or portion thereof be 
permitted to produce without any maximum rate limitation until 
there is sufficient evidence that the rates being used will be 
detrimenwal to the reservoir. It stressed that’ its ‘proposal 
was preventative in nature in that it provided for application 
of maximum rate limitations where there was evidence of potential 
waste occurrence. Socony Mobil suggested that the necessity for 
a restricted production rate can be reviewed as part of the 
periodic reserve determination for each pool. It believed that 
sufficient prior evidence that a rate was detrimental to d pool 
would be provided by GOR's, WOR's and reservoir pressure 


distribution data. Socony Mobil and Great Plains argued also 
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that MRL's should be studied separately considering relevant 
pool performance characteristics rather than being subjected. 
to an MRL derived from a general formula. Socony Mobil argued 
further that use of a general MRL formula to establish a, 
maximum rate for a pool might in some cases result in an 
unjustifiable production penalty or restriction where the 
proration allowable granted to a drainable area is higher than 
the arbitrary MRL. It added that there may be no technical 
argument for relief from such an MRL, which itself has no 
technical justification for “ts original imposition. suMoreovenr, 
the lack of technical justification might render tcontes tape 
the validity of such) a Board wonder... in vaddition. eo cconyeaMo on. 
submitted that the establishment of an MRL such as that 
proposed by Imperial would in no way eliminate the need for a 
continued surveillance by the Board of the performance of pools 
within the Province, with a view to obtaining assurance that 
waste was not occurring. 

Sun, Home, Great ‘Plains, Texaco Exploration and Triad 
supported Socony Mobil's views in general. 

Whitehall, taking a different position, expressed the 
belief that both daily and) monthly rates of, productions spoucd 
be restricted in some instances but it appears its comments 
respecting daily rates were intended to apply to individual 
well limitations. Whitehall contended that short-term high 
rates of production could cause undue reservoir damage, and that 


daily maximum rates, where such rates are necessary, should be 


limited to about 10 per cent of the monthly allowables. It 
felt that restrictions on monthly rates of withdrawal were 
necessary largely for what it called equity reasons. 

California Standard suggested that the maximum rate 
limitation be set at not less than twice the monthly proration 
allowable rate to allow appropriate flexibility to accomodate 
reworks and other production difficulties. Upon being 
questioned by Socony Mobil, however, it agreed that greater 
flexibility in carrying forward under-production would probably 
accomodate these problems without requiring a greater maximum 
rate flexibility: 

California Standard added, on being questioned respecting 
maximum rate limitations for unprorated pools, that the MPR may 
provide a satisfactory maximum rate limitation in unprorated 
pools such as those at Bantry which are not presently permitted 
to operate on a good engineering practice basis. 

Hudson's Bay, Imperial, Pacific and Pan American either 
stated or implied that if MRL's are applied on a pool or pool 
segment basis in areas where the ownership is not the same the 
MRL should be divided among the holdings on an area basis. 

(2) Views of the Board 

The Board, as stated in Section III, agrees with those who 
submitted that generally it is necessary to keep pool Aap: 
under careful surveillance. It further agrees that it should 
apply maximum rate limitations to pools and distinct parts of 
pools where following careful study such limitations appear 


necessary for the prevention of waste. 
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In pools where maximum efficient rates can be established, 
these rates should be determined as soon as reasonably possible 
and should control the maximum rate of depletion of the pool. 
The Board, like Shell, does not: concur with those who would in 
all cases defer application of maximum rates of production to 
drainable areas until two years after the pool is first 
designated. 

Respecting the need for maximum rate limitations for 
solution gas drive pools or pool segments, contrary to the 
views submitted by some companies the Board believes such 
limitations are desirable for the reasons and in the circum- 
stances referred to in Section III. Further the Board believes 
that the drive mechanism in pools is seldom entirely solution 
gas drive even though that mechanism may .\be dominant and, in 
addition, the drive mechanism frequently cannot be immediately 
identified. lt) therefore believes ithatjany. pao lore pool 
segment even though it may appear tO be producing by solution 
gas drive should be kept under surveillance respecting the need 
for wnate™ lLimutatiion: 

The Board as mentioned previously does not agree with 
California Standard that relating the MRL to the proration 
allowable is a satisfactory method of limitation nor that the 
existing MPR's would serve as MRL's where rate limitation was 
necessary for unprorated pools. The Board's reasons in this 
respect are given in Sections III and, IV. 

With respect to the period over which pool rate limitations 


would apply, the Board agrees with the majority of those making 
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submissions that daily maximum rate limitations in pools or 
pool segments are not necessary and that where limitations 
are required suitable maximum monthly rate limitations fulfil 
the objectives. 

The Board also agrees with Imperial, British American and 
Hudson's Bay that the MRL of a pool should not be less than 
the sum of the minimum allowances of the welis in the OO Aa 
The Board believes, however, that since the minimum allowance, 
particularly at the level which will come into effect May l, 
1969, is intended as a minimum economic rate it would be 
desirable to permit operators some flexibility in producing 
the minimum allowance. In addition it does not agree with 
Imperial that adequate flexibility is in all cases provided 
by a monthly allowable. The Board therefore believes that, 
in the case of ,prorated pools, the maximum rate limitation 
should be not less than 110 per cent of the sum of the lesser 
for each well of athe minimum allowance or ithe productivity om Tt 
Purtver believer «that winetie scage Grounprorated pools athe 
minimum level of the pool MRL should be determined having 
regard to production economics and necessary flexibility. 

The Board sees some merit in the Imperial proposal for 
establishment by a general formula of MMR's for drainable 
areas and agrees that it requires only such data as are 
commonly available, that it has technica] and. administrative 
simplicity and that its use would not encourage unnecessary or 
premature MER studies. It agrees with Socony Mobil and Great 


Plains, however, that use of one general formula even to 
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establish tentative maximum rates for a wide variety of pools 
subject to various drive mechanisms or combinations of drive 
mechanisms is not satisfactory since it could result in 
unnecessary or improper rate limitation in individual cases. 

By Imperial's evidence from its investigations the range of 

the values in the maximum efficient rate of depletion of 
ultimate reserves is from some 5 to 15 per cent per year. This 
would lead to a range of values for the constant in Imperial's 
MMR formula of 5000 to 16,000 x 107®. Further in the Board's 
view, even in the early stages of depletion of a pool,,. 

more discretion that would be exercised through use of a 
formula dependent only on reserves as proposed by Imperial is 
warranted in setting a maximum rate limit. While it does not 
appear desirable to adopt the Imperial proposal fully the Board 
believes the concept could be used beneficially in a maximum 
rate limitation! policy. 

The Board has studied the range of values of K in the 
Imperial formula that could yield maximum rate limits that it 
thinks appropriate for a cross-section comprising some forty 
pools in the Province. The Board has found on the basis of 
this .study;"thac the value “ofak would range from about 
6,000 x 107© to about 12,000 x 1076, averaging about 9,000 x 1076 
confirming Imperial's figure as a suitable average. The Board 
therefore proposes to adopt the Imperial formula in the form 
*PRLA = WKAR oleh - P/2)" as a surveillance device to provide 
preliminary rate limitations (PRL's) wherein K would normally 


have a value of 9,000. The PRL would be established in barrels 
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per month. A value of K of 7,000 or 11,000 would be employed 
where, in the Board's view, om the basis of a pools 
characteristics and recovery mechanism, the particular value 
appears more appropriate. The Board staff would determine a 
PRL for each pool or separable portion for which an MRL has 
not, following an MER or equivalent Study including a study 
leading to the approval of an enhanced recovery operation, been 
established or recognized by the Board. When it appeared that 
the producitdcontiif rom wscpo od might soon approach the PRL the 
operators in the pool would be asked to make an MER or 
equivalent study and submit it to the Board for consideration, 
possibly at a public hearing. Following consideration of the 
submission the Board would determine the need for an MRL, and 
if necessary, set one. Where MRL's are not set PRL's would 
also be utilized by the Board in estimating the crude oil 
productivity of the Province. 

Respecting the extent to which the drainable area concept 
should be adopted, the Board believes that, in the case of 
pattern floods, differentiation between areas subject to flood 
according to the injection fluid utilized is warranted in view 
of the variation in displacement efficiencies and volumetric 
sweep efficiencies for the fluids used. . lt further? bed teves 
that differentiation between projects in areas of a pool subject 
to flood by the same fluid is warranted in view of the great 
extent of the variation in pool characteristics which can exist 


between projects.) On the other hand within a) particular project 
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the Board already requires that production be distributed on 

a pore volume basis, except where another basis of distribution 
is justified in recognition of stratification, capillary or 
other effects. Recognizing this requirement, the uncertainties 
in the determination of the characteristics of the various 
patterns of a project and the administrative burden of applying 
maximum rate limitations on a pattern basis, cited by Shell, 
the Board believes that routine application of an MRL to each 
pattern of a project is unwarranted. The Board thus agrees 
with Shell that for pattern floods the PRL or MRL should apply 
to the full area of each project, rather than to the entire 
area of the pool subject to flood by the same fluid as 

proposed by Pacific and Pan American or to each individual 
pattern as proposed by Imperial. 

With respect to PRL's for prorated pools where MRL's have 
not been established or the equivalent has not been determined 
in the case of enhanced recovery operations, the Board staff 
would begin a review of the pools! inj the ProvincesingMay e290 5n 
Where it appears to the Board to be desirable that an MRL 
study be made for the pool the operators of the wells would be 
asked to prepare such a study and submit it to the Board within 
a suitable period. 

In unprorated pools, the Board believes that MRL's are 
necessary and should be established soon after pool discovery 
to be utilized with GOR and WOR penalties in maintaining 
correlative rights as well as in promoting conservation in 


each pool. However, as stated in Section III the Board believes 
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it should use the same principles in arriving at MRL's for 
unprorated pools as for prorated pools. For those unprorated 
pools where GOR and WOR penalties are applied the Board 
believes PRL"s or MRL's should be set to be effective May 1, 
1965. These tentative rate limitations would be subject to 
review. 

The Board agrees with Hudson's Bay, (Imperial, @Pacific and 
Pan American that in pools and portions of pools that are 
subject to a common MRL and are competitively operated, the 
MRL should where necessary be distributed among the various 


holdings on an area basis. 


Individual Well Rate Limitation 

(1) Views of Industry 

For reasons outlined and discussed in Section IIL, neither 
Imperial nor Socony Mobil, nor those companies supporting 
their submissions, conceded any necessity of maximum rate 
limitation for individual wells. Hudson's Bay and Triad both 
expressed the belief that individual well maximum rate 
limitations would nullify to a significant extent the benefits 
of flexibility due to production spacing unit and block 
allowables provided in the new proration plan. 

Whitehall made the only submission in favour of individual 
well maximum production rates. It said that oil recovery could 
suffer in some pools as the result of high individual wed. 
daily production ee and recommended that where there appeared 


to be a hazard of well damage the daily production from an 
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individual well or PSU not be allowed to exceed perhaps ten 
per/’cent of thesmonthly al lowabier 

Husky, supported by British American, submitted that 
pools of the Lloydminster type, producing crude oil having 
gravities numerically less than ®20°API, should be treated 
it: a manner idiftterertrthanedi pit andymeditm erudesot le pect ss 
Husky stated that it was necessary to produce wells in pools 
of this type at capacity “and that Vtheep resent policyaor 
allowing flush production for limited periods was essential to 
the economics of primary production. Husky suggested that 
some restraint on wells may be necessary to avoid damage, as 
for example, that due to sand sloughing, and recommended a 
maximum well limit of 50 barrels per day, but preferred the 
equivalent on a monthly basis. Husky stated that its 
recommendation was essentially one for good production practice. 

Hudson's Bay and Triad said that, although they were 
generally opposed to well production rate limitations, they 
did not object to lease boundary control for equity purposes. 
Triad went further, suggesting a maximum lease boundary well 
producing rate. equal, to 1.25, times the; allowable of a quarter 
S@eCLOr Of Eau 

(2) “Viiews tof. the. Board 

The Board generally concurs with the industry view that 
ultimate oil recovery is not usually sensitive to individual 
well rates although in some cases some reduction in recovery 
may result from unreasonably high well production rates. The 


Board appreciates that in these cases industry will generally 


- 65 - 


apply good production Bracticoc and that. vinehaat there are 
incentives through WOR and GOR penalties and through the 
Proration plan for such practices. However, the Board 
believes it should have provision for the application of 
individual well daily or monthly maximum rates where the 
Practice does not appear to be Satisfactory and the ultimate 
oil recovery from the pool may be adversely affected if 
individual well MRL's are not applied. 

The Board believes that the performance of wells in those 
pools where the ultimate oil recovery from the pool is apt 
to be dependent on individual well performance should be kept 
under surveillance. Evidence of the need for individual well 
maximum rate limitation may be provided by WOR and GOR 
performance, reservoir characteristics at the well as 
indicated by core | lor and, fluid analyses data, and by individual 
well productivity. Where it appears to the Board that individual 
well MRL's may be necessary in a pool the Board would request 
a submission from the operators concerned and following receipt 
of such a submission consider the evidence at hand possibly 
following a public hearing. If following this assessment 
daily or monthly individual well MRL's appear appropriate they 
would be prescribed. However, the Board does not anticipate 
that such individual well MRL's would depend upon the area 
attributed to the well. 

The Board believes that this= policy is appropriate for 
both prorated and unprorated pools and expects that the operators 
will keep these considerations in mind in applying for enlarge- 


ment of production spacing units. 
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VI CONTROL OF GAS AND WATER PRODUCTION 


Introduction 

Although the Board had intended that only one aspect of 
GOR control be subject to discussion at) the hearing ,eothen 
matters were mentioned in testimony. For this reason and to 
complete the discussion the Board believes it appropriate to 
review broadly GOR and WOR control in the Province relevant 


to maximum rate limitations. 


Gas-Oil Ratios 

The Board policy respecting the control of gas production 
in oil pools has evolved from representations from industry 
and the Board's interpretation of its responsibilities under 
The Oi), and Gas Conservation Act. Some purposes of the Act 
are to afford each” owner the opportunity or, obtaining snis 
just and equitable share of production and to prevent waste. 

Gas production was taken into account in establishing 
allowables in the Turner Valley Rundle Pool through the Brown 
Plan described@in "Section 1V. ater in the 0-=2 and D=3—epoolle 
in the Leduc veld “soon after ‘discovery the board set cas 
allowables at 1000 cubic feet per barrel of liquid production 
allowable. 

Following this a general policy was gradually developed of 
providing, more or less, equivalent total fluid withdrawals 
from a reservoir at wells producing at various gas-oil ratios 
but- alWowing! ‘proper ‘operating Flexibility. whe policy provided 


for penalty factors on allowables of individual wells producing 
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at excessive gas-oil ratios. To account for differences in 
Separator pressure and the relationship between separator 
pressure and GOR, penalty factors were related to both of these 
variables. Separate tabulations of penalty factors for 
different GOR's were developed for each of several critical 
GOR's giving the penalty factor as a function of the sum of 
separator pressure and the producing gas-oil ratio. The 
critical GOR was initially taken as twice the pool average 
solution GOR, but after aboyt 1958 a value of roughly 1.5 
times the average solution GOR was used. This level of 1.5 
times the solution GOR was believed sufficient to provide 
reasonable operating flexibility. However, for GOR's 
significantly greater than 1000 cubic feet per barrel, the 
1.5 factor is gradually reduced so that no more than reasonable 
operating flexibility is provided. 

The penalty factors are developed according to the following 


relationship: 


“reer l R 
Penalty factor = Pool Average Critical GO 


Separator GOR + Separator Pressure 

Tables have been established for critical GOR's of 200 to 
5000 cubic feet per barrel but tables for critical GOR's below 
1000 have not been applied except in special circumstances 
described later. The penalty factors are rounded to two 
Significant figures CA) Seto etiewvanles Tees et wouG min (tie 
First Schedule to the General Regulations under The Oil end Gas 
Conservation Act and is reproduced in Appendix B to this report. 


In solution gas drive, gas cap expansion and combination 
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drive pools in advanced stages of depletion where an enhanced 
recovery scheme is not feasible and where more than half the 
wells are significantly penalized for GOR, the Board has 
reduced penalties by applying a penalty table corresponding 
"o a higher critical GOR, or, in special cases, exempted the 
pool from GOR penalties. 

Where gas is gathered and returned to the pool, GOR 
penalties are calculated on a "net GOR" basis, where returned 
gas is deducted from ”gas "produced. “similarly, where gas 
production is substantial and is marketed, the pool may be 
assigned a gas allowable and granted relief or exemption from 
peualties respecting the oil allowable. The table to which the 
net gas-oil ratios are to be applied in determining the 
allowable reduction factors is selected on the basis of the lease 
fuel requirements and may be one of the tables established for 
Cri trea! GOR stbe low #00 0 tcibeciree Geepe cepa n form 

In the Lloydminster Mannville pools gas production has been 
restricted on the basis of Schedule C of the Parse Schedule to 
the General Regulations under The O12 and Gas Conservation Act. 
This sehedule >, shown in Appendix B to wthiserepont, permits the 
production from each well of a volume of gas dependent upon the 
area assignment, and oll production rate, 

Other methods for controlling gas production have been 
used for a time in a few pools where the pool is Subreee to 
concurrent gas, cap and oil zone depletion. but these. haves now 


been discontinued. 


Water-Oil Ratios 

Bhe Board policy respecting control of water production, 
like that for control of gas production, has evolved from 
representations from industry and the Board's interpretation of 
its responsibilities under The Oil and Gas Conservation Act. 

Individual well allowable producing rates in Alberta were 
first modified for water production during the development of 
the Leduc Field, The initial water-oil ratio penalty formula 
reduced 'the oil allowable one barrel for each barrel of water 


production and was expressed as; 


Pe ae ee 
i + WOR 


Penalty factor 
After some experience the suitability of this formula was reviewed 
and in 1950 the following formula, which for most pools is still 


in effect and provides a penalty about half that provided by 


the previous formula, was adopted: 


Be ee ei 
2 + WOR 


Penalty factor = 
The penalty factors given by the formula rounded to two significant 
figures are set out in Table 0.0 of Schedule B to the First 
Schedule of the General Regulations under The Oil and Gas 
Conservation Act, shown in Appendix B to this report. It will 
be noted that no penalty is prescribed for water-oil ratios 
below 0.02002 

In 1960, following consultation with the Canadian Petroleum 

Association and the hearing in April, 1959, by examiners 


appointed by the Board of an application by the operators in the 


Matmo Field and New Norway Field, the Board modified the penalty 


= 8/0 te 


factor formula for pools having effective water drives to: 


Penalty factor = 6. 4032200 AB LI OH es 
2 + WOR (1 - WDI) 


where WDI is the water drive index, the ratio of the net water 
influx into the =pool to the met reservoir volume cf oll and 

gas produced. Following this, Schedule B of the First Schedule 
to the General Regulations under The Oil and Gas Conservation 

Act was amended to include tables of water-oil ratio penalty 
factors, for water drivemindiicecm one Ol../). 8 Us Om all C= Ure meme CMe DIO ated 
stated it would consider an application from the operators of 
wells in each pool having a water drive index equal to or greater 
than 0.7 for assignment of the appropriate of these less 
restrictive tables. 

As in the case of GOR penalties, WOR penalties are assigned 
on a net WOR basis where water is returned to the pool of origin, 
or to other pools with a common aquifer in good communication 
Wht tne pool Of ,Oriloan. 

The WOR penalty tables are reproduced in Appendix B to this 


ne pow t. 


Moditicatiaons  hroposed) by Board stat tf ito 
GORBPemaliyasase 


The Board staff made a submission recommending changes in 
the penalty base for the caleulation (of gas-oil) ratio penalty 
tables ee Schedule A. It recommended that gas production 
of 0.5 reservoir barrels per stock tank.barrel of oil produced 
in addition to the solution GOR, rather than gas production of 


1.5 times the solution GOR as under the present system, be 


it Lite Be 


allowed penalty free. Under the proposal, the gas penalty 

table would be determined by 
(a) estimating the bubble point pressure of the crude oil, 
(b) estimating the reservoir temperature, 
(c) determining the gas formation volume factor for the 


temperature and pressure using the formula: 


<j 
It 


4.464 T 
P 


where V = the gas formation volume 


factor, reservoir bbl 
Mcf 


4.264 = the constant corresponding to a 
pressure base of 14.65 psia, 
a Cenperature base ‘of 60 fF’, 5.615 cu 
ft per bbl and a gas compressibility 
factor tentatively taken as 0.85, 
T = reservoir Snipe ee 
P — bubp Te" poric sprees sure. ‘psias 
(d) determining the volume in standard cubic feet of the free 
gas in 0.5 barrels of reservoir space and adding this to 
the initial solution gas-oil ratio in cubic feet per 
barrel to obtain the critical GOR’, and 
(e) selecting the gas-oil ratio penalty table (assigned 
critical GOR) nearest the calculated critical GOR 
provided the difference between the average solution 


GOR and the assigned critical GOR shall in no case. be 


less than 200 cubic feet per barrel. 
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The advantages claimed for this method were that it 
provided for the assignment of GOR penalty tables in a consistent 
manner with appropriate flexibility under all foreseeable 
reservoir conditions, that the permitted depletion would not be 
seriously dissimilar to that under the present system, oe 
that the data used involved only factors which would be necessary 
for other purposes early in the life of the pool. 

(1) Views of Industry 

Socony Mobil expressed the belief that provision should be 
made for the GOR penalty base to vary within a pool, and was 
supported in this view by Dome. 

Imperial. in agcnecmentywithethe, Board) stati  ssaidethat 
to preserve the underlying principle of GOR penalties, the 
penalty base should be tied as closely as practical to original 
solution COR se & Shell wands Paci sRucwsupponted thiseviews 

California Standard expressed the belief that rather more 
Fléxibility than0.5 smweservoir barre ici pan stock “tank barre! 
of oil produced was necessary in the penalty base. It suggested 
a formula, allowime for each, stock, tank barrel..of) cil; pyoduction 
one reseryoim barre. of, gas» production, im, excess jot) ihe solution 
gas, but on being questioned regarding the high levels of GOR 
possible with such a penalty base, said it was thinking more 
in terms of 1000 cubic feet of excess gas to provide flexibility. 
Sun was similarly concerned about the degree of flexibility 
provided in the penalty base and suggested a base equal to twice 


the WSO weEaonm GO hes 
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Dome, although professing no real objection to the Board 
staff submission, thought it would be equally valid, and simpler, 
to set the penalty base as some multitap le er solution GOR’ @ "and 
Suggested it be set at 150 per cent of solution GOR. 

Triad thought that the present GOR penalty base was adequate 
and stated that the Board staff Proposail= to “obtain? what was 
essentially an arbitrary number was unduly complicated. Further- 
more, Triad said that as the Board staff submission suggested 
that the proposed changes would give results not unduly 
different from those under the present method, it was unnecessary 
to make revisions. Triad added that though it agreed with present 
penalty policy, it felt that review was needed with a view to 
lessening the degree of restriction. On being questioned, Triad 
said that it did not believe permanent damage would be caused 
if individual wells were allowed to produce at GOR's of the 
order of stwice=fhe sour ron= COR: 

Husky suggested that “for the Lloydminster type pools 
producing heavy crude oil ©30,000 cubic feet of gas per day 
per webl be "pérmitted*without “penalty: "Hudsons Bay" thought 
that Husky's proposal was too restrictive pointing out that on 
the basis of Husky's suggested maximum well rate of 50 barrels 
per day, allowing 30,000 cubic feet of gas prodwtion without 
penalty was equivalent to applying Table 600. 

Imperial, like Socony Mobil, suggested variations be 
made to the penalty base for a pool only where significant 


variations in solution GOR's within the pool occurred. 


(2) Views of the Board 

The Board believes that the method of selecting the gas-oil 
ratio penalty table to apply to a pool, proposed by the Board 
staff, should be implemented May 1, 1965, for pools designated 
afiten, Apri 1.30 5.0965. and Mayall’, l2ooGetorapeots feet ered 
before May 1, 1965. In instances where there would be a serious 
adverse effect on the economics of gas gathering or processing 
due to change in penalty tables and an operator would suffer 
hardship thereby, the Board, on application by the operator, 
will consider extension of the use of the table currently 
in effect for the pool. Where transfer of economic allowances 
from injection wells is presently provided for in a pool, the 
terminal transfer recovery point would be determined as 
presently prescribed. Where transfer of economic allowances 
from injection wells becomes warranted during the period prior 
to May 1, L968) Jand) the terminal transfer pointelemuc. 
presently prescribed, it would be determined in the case of 
pools designated prior to May 1, 1965, using the GOR penalty 
table inwertect at April. 30) Voo5. . In «athe scasauotincots 
desicnated after April 130,,.1965,.it would be determined jusing 
the table in effect at the time the terminal transfer recovery 
curve for the pool is adopted by the Board. 

‘Respecting the proposal by Socony Mobil and Imperial that 
provision should be made for variation of the critical GOR 
within a pool the Board believes that where different critical 
GOR's are indicated in different parts of a pool the change in 


fluid characteristics generally occurs gradually from one area 
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to another. From an administrative point of view, abrupt 
changes in the penalty schedule would be necessary, and changing 
the penalty schedule within the pool could lead to arbitrary 
differentiations particularly at the boundary between areas on 
different schedules. The Board therefore believes that such 
variations in the critical GOR within a pool should be permitted 
only in extreme circumstances. 

The Board does not agree with Husky that gas production in 
Lloydminster type pools producing heavy crude oil should be 
restricted by prescribing 30,000 cubic feet per day of gas 
production per well nor does it agree that the provisions of 
Schedule C presently prescribed for the Lloydminster Mannville 
pools are completely satisfactory. It believes that gas 
production, itv al. crude oi! pools can be satisfactorily 


controlled using the tables of Schedule A included in Appendix B. 


Applicability of Tables 200, 400, 600 and 800 


The Board staff suggested in its submission that for a 
pool where the solution gas-oil ratio and the rules proposed for 
selecting the allowable reduction factor table indicate that a 
lower critical (COR thanythat of Taple Logo should apply, tic 
corresponding table be prescribed if the pool was discovered 
arter May Inn 365. 

(VY Views, OL industry 

Those from industry commenting on this subject, with the 
exception of Dome and Triad, were in general agreement that the 


suggested policy should be followed. California Standard, 
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however, submitted that the tables should apply to all pools. 
Dome submitted that, except on a net basis, Tables 200 to 
800 should not be implemented, as gas volumes at this level 
associated with oil production were too low to be measured with 
any degree of accuracy. Triad took the argument further, 
submitting that penalties based on gas production in the volume 
at which the tables would apply was overly restrictive. se rurtcnere 
more, Triad believed that to apply the tables to new pools only 
would give old pools operating on Table 1000 a producing advantage. 
(2) Views of the Board 
The Board concurs with the majority of industry that tables 
based on critical GOR's below that of Table 1000 should be 
appliéd where appropriate, and subject to the followinem@modis — 
ications, believes it should adopt the rules proposed by the 
Board staff. 
The Board believes that the subject tables should apply, 
by the rules proposed by the Board staff, effective May 1, 1965, 
to pools designated after April 30, 1965, and to all pools as of 
May 1, 1966, but recognizes there may be instances where there 
would be a srious adverse effect on the economics of gas 
gathering or processing due to the change in penalty tables 
and an operator would suffer hardship thereby. In such cases, 
on application by the operator, the Board will consider 
extension of the use of the current table. Where transfer of 
economic allowances from injection wells becomes warranted 
during the period prior to May I; *196Ge" ands thesvenme alent aye eT 


point is not presently prescribed, it would be determined, in the 


eh 


case of pools designated prior to May 1, 1965, using the GOR 
penalty table in effect at April 30, 1965. In the case of 
pools designated after April 30, 1965, it would be determined 
using the table in effect at the time the terminal transfer 
recovery curve for the pool is adopted by the Board. 

The Board agrees with Dome and Triad that at very low 
rates of gas production difficulties would be experienced in 
measurement using conventional metering equipment. However, 
since the rules for selecting penalty tables proposed by the 
Board staff require that the difference between the solution 
GOR and the critical COR ibe mot Wess ‘than 200 cubic feet per 
barrel, the lowest penalty table which would be prescribed would 
be Table 400. Gas volumes which would result in gas-oil ratio 
penalties with Table 400 and other applicable tables appear to 


be measurable with satisfactory accuracy. 


Credit for Injection of Other Fluids 


(1) Views of Industry 

Almost without exception, those companies making submissions 
on this subject said that the applicable GOR penalty should be 
based on gas produced less the appropriate equivalent volume 
Ot tluids injected. 

Imperial supported the selective application of GOR 
penalties on;a net basis whereby gross gas production is 
reduced by the amount of fluid injection on an appropriate 
equivalent volume basis. 


Hudson's Bay stated that the GOR penalty factor should be 
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based on net gas withdrawals allowing credit for all fluids 
injected anywhere in the lease or block, even though. the ratio 
of injection to production might vary from area to area aactoss 
the lease or block. It stated in answer to questioning that 
if in a particular jprojece the /injectionwweree oo remote from 

a producing area that the depletion mechanism in that area was 
inefficient this should be taken into account in the recovery 
fac@or utilized rathers than jin gthe COR penalty. 

Dome, Pacific, Socony Mobil, Pan American, Great Plains... 
Texaco Exploration and Skelly all said that, in calculating 
the GOR penalty, credit should be given for injection Ofeaial 
fluids. Each of these companies, like Hudson's Bay, were 
questioned by the Board regarding the application Ohperedat 
for injected fluids in projects where the point of injection 
in the projects was remote from the well producing excess gas 
and there was evidence of poor communication. All agreed that 
the response to injection should be considered and where 
communication was poor the credit for injected fluids should 
be modified. 

(2) “Views of the Board 

The Board concurs with the view that normally it is proper 
to give credit for injection of water as well as gas in 
determining gas-oil ratio penalties. “In this regard onty that 
portion of the volume of water injected in excess of that 
produced from the pool or part thereof should be considered in 
calculating gas-oil ratio penalties. However, the Board 


recognizes that in some instances conservation may not be served 
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by the return of produced water, such as where the oil column 
is situated between and in communication with a gas cap 
and aquifer and the displacement of oil into the gas cap might 
reduce the oil recoverable from the pool. In other instances 
the water may be injected at a point remote from the producing 
wells"with the result that it would! have little beneficial 
effect on oil recovery from the part of the pool, The Board 
believes that in these instances and others where the effects 
may not* be” Deneficial,” in’ the interests of CORSELVALTION, nO 
credit or a reduced credit for In VeCtion oli luras other’ than 
gas should be given in the determination of GOR penalty factors. 
ApplZeations *tor approval or’ the se®ort’ the net?’ volume of 
water injected converted to an equivalent gas volume in 
determining the gas-oil ratio penalties will be considered 


by the Board at any time after May 1, 1965. 
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VII SUMMARY AND DETAILS OF THE NEW PLAN FOR 
MAXIMUM OIL PRODUCTION RATE LIMITATION 
The Board and its staff have given detailed consideration 
to the evidence and opinions presented at the hearing held 
during November, 1964, for the purpose of reviewing qe orsin 
methods of establishing maximum oil production rate limitations 
and certain inconsistencies in the use of its gas-oil ratio 
penalty tables. The Board has concluded that the present 
methods have deficiencies and should be replaced by a new plan. 
Details of the views of industry and of the Board are provided 


in Sections I to VI of this report. Particulars of the new 


plan are summarized below. 


Scope of Plan 


The Board believes that, having in mind the need for 
maximum rate limitation for the prevention of waste, there 
should be no difference in principle in its application to 
prorated or unprorated pools including heavy crude oil pools. 
The new plan will, therefore, apply to all of these kinds of 


pools. 


Maximum Pool Rate Limitation 

The Board believes that it is necessary in all cases to 
keep pool performance under careful surveillance. To do this 
the Board is adopting, as a surveillance device only, the 


Imperial MMR formula in the following form: 


ag i 


PR one One (U - P/2) 
where PRL is the Preliminary Rate Limitation for 


a pool or separable portion, barrels per 


month 
K 1s a constant 
U is the ultimate recoverable reserves in 


soc Kee tat Ke eb bl 
zp. is the cumulative production in stock 

Cank’ bbI 
ENeeVetuee or Ke wit normally be taken as 9,000 but the Board 
may employ a value of 7,000 or 1,000 where, in its Opinion, 
a pool's characteristics and recovery mechanism are such as 
Co suggest it. The Board staff will determine the PRL for 
edgeh pool or separable portion for which a maximum rare 
limitation has not, following an MER or equivalent study 
ameluding™ a study Teading to the approval of an enhanced 
recovery operation, otherwise been established or recognized 
by the Board. When it appears that the production from a 
pool might soon approach the PRL the operators in the pool 
will be asked to make an MER or equivalent study and submit it 
to the Board. Following consideration of the submission the 
Board will determine the need for an MRL, and if necessary 
set one. Notwithstanding the foregoing an MER or equivalent 


study may be filed with the Board for consideration at any time. 


Period over which Pool Maximum Rate Limitations 


Will Apply 


The Board has decided that maximum rate limitations on a 
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daily basis in pools or pool segments are not necessary and 
that where limitations are required suitable maximum monthly 


rate Limitations will be set. 


Minimum Level of Pool Maximum Rate Limitation : 

In the case of prorated pools, the maximum’ rate limication 
will be not less than the sum of the lesser for each well of 
the minimum allowance or the productivity. Furthermore, it is 
desirable that operators; particularly of minamumeallowance 
pools, have some flexibility, in addition to Chateprovided 
by the proration plan and related regulations, in producing 
their allowables. To accomplish this the minimum level of 
the MRL assigned to a pool or a segment of a pool will be 
LO) perwocant of thessum ot the sl essen aroy each well orythe 
minimum allowance or the productivity. 

Inthe aseuof cunprorated Spools the minimums) ¢vclolmcuc 
pool MRL will beswdetermined@iiaving regard to production 
economics and necessary flexibility. 

Applicability of Maximum Rate Limitation 
BomLortions sol Pools 

The Board has decided that maximum rate limitations are 
applicaple to podls. and tocdis tinct. pacts .0f .000.Ls hae umele 
case of pattern fleods the PRL or MRE will apply  ComtiemaimeL 
area of each project, rather than to each pattern onetoutne 


entire area of the pool subject to flood by the same fluid. 


Distribution of the Pool Maximum Rate Limitation 


In pools or portions of pools subject to an MRL and 


oe 


competitively operated, the MRL will, where necessary, be 
distributed among the wells on the basis of the areas of 
their production spacing units, subject to any necessary 
modification to provide the opportunity for individual wells 
to produce the minimum allowance attribtted to the well or 


wells in a production spacing unit. 


Implementation of Pool Maximum Rate Limitations 


For those unprorated pools where GOR and WOR penalties 
are@app lied the) Boord with set MRE = "effective May Is *1965'. 
These will be tentative maximum rate limitations, set having 
regard to current maximum production rates and the PRL formula, 
and ‘withthe sub ject to teview on application. With respect to 
all other pools where MER's or the equivalent have not been 
established "or wecosrizeda by “the Board, the Board staff will 
begin a review in May, [965.”° Where it appears to the Board to 
be desirable that an MRL study be made for a pool, the operators 
will be asked’ to prepare such a Study and submit 14 to the spoard 


within a suitable peri od* 


Individual Well Maximum Rate Limitation 

The Board believes it should have provision for the 
application of individual well daily or monthly maximum rates 
where the ultimate oil recovery from the pool may otherwise 
be adversely affected. Where, by the surveillance of such 
matters as WOR and GOR, reservoir characteristics at the well, 


individual: well, productivity or the lke, at appears to the 


88 Gare 


Board that individual well MRL's are necessary in a pool or 
part of a pool; it will request a submission from the 
operators concerned, will consider the evidence at hand, and 
will prescribe daily or monthly individual well MRiU Ys 91 Eesuen 


appear appropriate. 


ControLeor Gasser Lroductlon 

The Board has decided to adopt its staff's recommendation 
respecting the procedure to be followed in selecting the gas-oil 
ratio penalty table under Schedule A applicable to a particular 
pool. Accordingly the penalty table assigned to a pool will 
be that numerically nearest the calculated critical GOR 
provided that it, is at, least 200 cubic, feet per barrel fereater 
than the initial’ solution GOR. The calcwlated jeriticale con 
shall be the sum of the volume of 0.5 initial reservoin, banrets 
of free, gas. in, Standard, cubic, feetuand sie, imi ara solution 
GOR. 

The Board believes that tables based on critical GOR's 
below that of 1,000 should be applied where appropriate. 
Subject to modifications indicated, the Board ws adopting =the 
rules proposed by the Board staff. 

The new method for calculating the penalty base and the 
subject tables will apply by the rules proposed by the Board 
statf, effective May: 1,” 1965, to’ poo Ps*destenaved alter Apridt 
305 1965, and ta all’ pools’ asof May tie P9668 Invvany scace 
where there would be serious adverse effects on the economics 


of gas gathering or processing due to these changes and an 
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Operator would suffer hardship thereby, the Board will consider 

an application for an extension of the use of the current 

method of calculating the penalty base and the current tables. 
Where transfer of economic allowances from injection 

wells becomes warranted during the period prior to Maye lon loess 

and the terminal transfer point is not presently prescribed, 

it will be determined, in the case of pools designated prior 

Oo Maye! «64965, using theeGOR penalty itable inseffect ‘at 

Api bs 3 0) eu k965% in the casenof spoolsvdesignatedtaftersApril 

30, 1965, it will be determined using the-table in effect 

at the time the terminal transfer recovery curve for the 


pool is adopted by the Board. 


Credit for Injection of Water 


Subject to a few exceptions, the Board will give credit 
in the calculation of GOR penalties for the injection of 
water in excess of that produced from the pool or part thereof. 
The exceptions will include cases where conservation may not 
be served by the injection of water or where the water is 
introduced at a point remote "from the producing wells with the 
result that it would have little beneficial effect on oil 
recovery from the pool. Applications for approval of the use 
of the net volume of water injected converted to an equivalent 
gas volume in determining the GOR penalties will be considered 


byesthes Board: at janyet imepiatter iMay vies ek96D: 


Calgary, Alberta 


Marchs-L>, 1965:. 
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APPENDIX A 
MPR FORMULA DOCUMENTS 


PROPOSED GENERAL FORMULA FOR THE 
CALCULATION OF "MPR's" 


Recognizing the desirability of a general and uniform procedure 
for determining the "maximum permissible rate" of production cf erude 
oil producing wells, the Board is sivinga thought ?toethesadoptiongof 
an "MPR" formula. The "MPR" is the Board's engineering estimate of 
the individual well maximum efficient rate of productions 


Early in the development of a pool, little information is 
available regarding the size or the producing characteristics of 
che reservoir. Ini fact. ayricorous analysis is seldom possible 
until at? least’ 10% Yof the ultimate recovery has been obtained. In 
View of this fact) it is suprpested that volumetric considerations 
should be used to establish the MPR for a typrca ll wel lin = a pool 
until such time as production history might indicate that a change 
in the method of MPR calculation be made. 


It is generally recognized that the maximum permissible rate 
of production of a typical well in a pool may be related to the 
following variables: 


1. Acreage 

We & Bay uth dickae sis 

oF. HPorosdity 9 connateswater.. shrinkage 
Lee Natumelor Ps eisie ry Onirendrive 

>. Expected recovery 

Ge ecLit-eaot tihewmpo cl 

/ wawWegreehjofimdevelopment.ocf ther pool 
8. Reservoir pressure 

Oy. BRT odirc ines gasriod lr aitalio 
1 Ou Producing water-oil ratio 


Variables 4, 5 and 6 are interrelated; variables 5 and 6 being in 
fact, determined by variable 4, the nature of the reservoir drive. 
Variiab Lept/ay thesideigrice joigdevel opment of, thew pool. ads, sienna sd cane 
since a greater per-well withdrawal may be tolerated without 
reservoir damage before the pool, is; completely, drilled. out. 
Variables, 8i,.09 and 10 are, separately significant only as ditferences 
may develop among the wells in a given pool. It. is suggested that 
these variables may be combined in a single general formula. 


The proposed formula contemplates the definition of what might 
be termed a "reference well". This reference well would be a 
typical well, having an assigned production area of 40 acres in a 
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pool of average pay thickness equal to "T" feet, having the 
following average properties: 

porosity™=="f£7=20 10 

connate water = c = OF2> 

shrinkage = s = 0.75 
and having other reservoir properties such that an ultimate 
recovery, “R" of 70, 20°would! be*obtainedtin agW@uniform rates lifes 
"L" of 10 years. For this reference well, the MPR may be 


calculated as the net recoverable stock tank oil divided by the 
number .of days in the "uniform, rate'™: life’"L" sor 105 yearsn 


i.e. MPR = eee Bbl. ) (40T Sop eee) £0 -20 porosity) (1-0.25 ) 


acre-ft) (10(365) days connate), 


(0.75 shrinkage)(0.20 recovery) 


MPR = COM9GS om 1) 
ors’ practically 
MPR = Dp apbhyaay. 


This formula assumes that the reference well is in a pool 
which is fully developed. For other cases, i.e. early in the 
development life of a pool, the reference well formula would be 
modified by the incorporation of a "degree of development" factor, 
Fy-:' This factor might ideally be related to the fractional 
development of the pool. Since the areal magnitude of any pool upon 
discovery is impossible to define, it is suggested that a maximum 
development factor, Fp =93:0 be weed to; icaltul ate: ther MPR ot a 
typical well in a newly discovered pool, until such time as the size 
of the pool be fairly well known. In the case of large pools, the 
factor Fy = 3.0 might apply for a year. However, when a pool is 
recognized to be small early in its development history, the Fy 
factor might be altered from the value 3.0 to a different value 
within six months, such that it would be roughly proportional 
to the fractional development of the pool. 


The formula for the reference well would therefore be: 
MER Sl Fy bb leydave 
For actual wells the formula would be modified in accordance 
with the differences from the reference well in the assigned 


acreage, porosity, connate water, shrinkage, and expected recovery 
and life as determined by the nature of the reservoir drive. These 


Bis er ecteace | factor 


= 1/40 (acreage assigned for production 
purposes) 


Fos = porosity-shrinkage factor 
Sela l=-ci es 
OF LO (ORF 591G0 275) 
where] gf" = average pool porosity, fraction 
cee-s2Veracespoolsconnate water; Sfiraction 
S = average pool shrinkage, fraction 
0.19 = reference well DOO Bary mat racti oan 
O27 5eeeul=Sreference well connate water, fraction 
O;15— Sereherenceawe 11 shrinkage, fraction 
Fri = recovery-life factor 
=— JUnit, 
0.20L 
where 10 *=reference well "uniform rate" lite, years 
L = expected "uniform rate" life, years 
R = expected TeCOVery. fT act 1 On 
0.20 = reference well recovery, fraction 


inte Tactor Fy above would alter the reference well MPR 
Equation to apply to actual wetls on assigned production areas of 
other than 40 acres. Similarly the factor Fpg would modify the 
reference well formula to apply, to, an actual well in, & pool where 
the porosity, connate water and shrinkage are different than those 
values assigned to the reference well. 


The recovery-life factor Fr; would modify the reference well 
formula such that the calculated MPR would apply to an actual pool 
in which the reservoir drive characteristics could be expected to 
lead to,a recovery, value different than 0.20 and a “uniform rate" 


life ,ditterent than lO wears. It. is interesting to note that the 
ratio _R/L.wouldsnoe VOLVeSTCaULY Sinceee pandi dare somewhat 
relaréd.» Phe. limi tseorovaraatc) onawoule Probably be From 0.02 to 


rg 8 fo 
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The resulting modified equation for a typical well in any 
pool would take the form 


MPR = T Fy Fy Fos Fr 
As differences developed between individual wells in a 
pool, further modifying factors might be required to adjust the 
MPR of a well for changes in reservoir pressure, producing gas-oil 
ratio or producing water-oil ratio. The following additional 
modifying factors could then be applied to the general equation 
above: 


Fy = reservoir pressure penalty factor, 
to be determined. 
F = gas-oil ratio penalty factor, to 
G : 
be determined. 
Fy = water-oil ratio penalty factor, to 


be determined. 


The general equation for the MPR of a typical well in any pool 
would then be 


MPR = T F F F F 


ere Tote 


PiphG oEW 

The reference conditions have been chosen to be conservative 
so that early in the life of the pool when little data are avail- 
able, the MPR may be selected safely, merely by taking all factors 
except the thickness T, and the degree of development, Fp as unity. 


Except forthe, penalty factors>,\Fp, Pp eand Fy and the 
development factor Fp, the final formula, ike that for the reference 
well is a statement of the recoverable reserve of stock tank oil 
divided by the number of days in the expected uniform rate life of 
the pool. As such the formula is subject to criticism on the 
basis that many of the factors, and especially the recovery and 
the life are not subject to accurate determination until the pool 
has been completely produced. While this is true, it is also 
true that these Factors can ibe estimated.) even early ai netics. c 
of the pool, by comparison with other pools and by observations 
indicative of the type of reservoir drive. 


It is suggested that for some period of time, possibly three 
months, immediately after discovery of a new pool, the formula 
would not be applied since the factors would not be known to any 
degree of accuracy. The numerical values of the various factors 
would be determined as the result of a public hearing, and would 
necessarily be under continual revision, especially during the 
early life of the pool. Also it is suggested that there be a minimum 
value for the MPR, possibly 20 barrels per day, which would apply 
if the calculated value were less than 20 barrels per day. 
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It is suggested that the proposed formula has the following 


merits: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


It is comparatively simple. 


It is general and flexible and can take account 
of the extremes in the values of the variables 
previously listed (Page 1.) 


It permits equity in the determination of the 
MPR's of wells in different pools. 


It may with safety and realism be adopted early 
Piet Ne€w liter Ofmcie —pog ls 


Its adoption would enable operators to plan their 
future development with a greater knowledge of 
future production rates. 


Dt is contemplated that the adoption of such a formula 
WOU Rex pedi temiene scouductwots allowable hearings” 

and would serve to organize the engineering discussion 
and to focus it upon the problem of arriving at the 
best values of the various factors. 


A-6 


THE PETROLEUM AND NATURAL GAS CONSERVATION BOARD 


PROVINCE OF ALBERTA 


PLEASE REFER TO FILE No. 





1. N. MCKINNON, 


CHARIS 603 - 6TH AVENUE S.W. 
D P. GOODALL, P. ENG.. 
DEPUTY CHAIRMAN CALGARY. ALBERTA 


G. W. GOVIER, P. ENG., 
BOARD MEMBER 


VERNON MILLARD, January 30th, 1957 


SECRETARY TO THE BOARD 


To All Operators 


Dear Sirs: 
Re: The Use of the Development Factor 
in the MPR Formula for Oil ‘ells 

You will recall the Board's memorandum of September 26th, 
1956, and the public hearings held by the Board on October 9th and 
November 6th on the above matter. The Board has given careful con- 
sideration to the evidence submitted and the views expressed at the 
hearings and has had extensive discussions with its staff on the 
entire question, 

A considerable proportion of the evidence at the two 
hearings related to the desirability of a "discovery and early 
development bonus" and appeared to favor the retention of the 
development factor for providing such a bonus. The Board remains 
unconvinced of the necessity of a discovery bonus beyond that 
provided by the exemption from proration of wells outside Board 
defined fields, and in any event is not prepared to see the develop- 
ment factor serve as such a bonus. If the bonus concept is removed 
from considerations of the development factor, then it appears to 
the Board that the preponderance of well supported opinion expressed 


at the Hearings favors the elimination of the development factor 


over a transition period. The Board staff and the Board concur 

in this opinion, and the Board has decided upon the complete 
elimination of the development factor in the formula for calculating 
oil well MPR's, This elimination will take place gradually by a 
stepwise reduction in the maximum development factor permitted in 


any pool in accordance with the following schedule: 


Maximum 
Period Development Factor 
Present time to April 30th, 1958 Ze 
May Ist, 1958 to April 30th, 1959 a 75 
May lst, 1959 and thereafter Fp Eliminated 


With respect to the question of the discovery bonus, the 
Board plans to continue its present practice of setting liberal 
individual well MPR's for all oil wells outside Board defined fields 


and will continue to exempt them from proration to market demand, 


Yours*verysuruly, 


I, N. McKinnon, 
Chairman, 
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OIL AND GAS CONSERVATION BOARD 


PROVINCE OF ALBERTA 
PLEASE REFER TO FILE No, 


G. W. GOVIER, P.ENG.. 
DEPUTY CHAIRMAN 603 - 6TH AVENUE S.W. 
A. F. MANYLUK, P.ENG., 
CALGARY. ALBERTA 


BOARD MEMBER February Big 1960. 


VERNON MILLARD, 
ACTING BOARD MEMBER 


To All Operetors: 


RE: DATA SUMMARY FOR MPR AND MER SUBMISSIONS 
OUP LOO LONG 


The Board requests that, with the exception of individual 
project MPR submissions for the Pembina Cardium Pool , all MPR 
and MER submissions for the hearings to be held on March 15 and 
22, 1960, be accompanied by six Copies of a completed data 
Summary in the form attached, The summary will facilitate 
comparison of data presented in the submission with that of 
other pools and with the data prepared by the Board's staff, 
thereby simplifying the hearings, Copies of the form are 
évailable at the office of the Board, 603 - 6th Avenue Sowers 
Calgary, Alberta, 


Operators will note that the Summary calls for both basic 
data required for an MPR type calamlation and certain supple- 
mentary data, The MPR calculation is based on the MPR equation 
expressed as: 





FE itay N 
MPR = A i 40 
65 F 
Boo L Lio 
where 
RS = Estimated recovery, fraction, 
Noo = Initial oil in place per average 10 
acre tract, stock tank barrels. 
PA = Acreage factor, acreage of spacing unit 
divided by 40, 
Lio = Estimated uniform-rate life of an average 
well if drilled on 40 acre spacing, years. 
Fr = Life factor, ratio of the estimated 


uniform-rate life of an average well 
drilled on the actual spacing to that 
if the spacing were 40 acres, 


Cisne 


The use of the porosity - shrinkage factor (F 5) and the 
recovery-life factor (Fpr) employed in the earlier Fonn of 
the MPR equation is discontinued, In order that the summary 
may serve the function intended it is important that the form 
be completed in conformity to the definitions which are given 
on its reverse side, 


I am instructed by the Board to stress the fact that, 
in requesting operators to submit their basic data in a 
uniform manner, the Board is not asking that submissions be 
in any way standardized or restricted. The Board expects 
and desires that operators will make Submissions of whatever 
type they wish, but simply requests that in each case the 
submission be accompanied by the completed forms, 


ii isa OP ole 2 
DRC/ec Reservoir Engineer 
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OIL AND GAS CONSERVATION BOARD 


PROVINCE OF ALBERTA 
PLEASE REFER TO FILE NO. 


G. W. GOVIER, P.ENG., 
OE CALAIS 603 - 6TH AVENUE S.W. 


A. F. MANYLUK, P.ENG.. CALGARY. ALBERTA 


BOARD MEMBER 


VERNON MILLARO, 
ACTING BOARD MEMBER 


November 25, 1960. 


To All Overators: 


RE: Well Productivity in relation to MPR's 


For the past several months the Board and its staff have 
been reviewing the relationship between well productivity and 
the MPR values established for crude oil wells. A number of 
representations have been made on the subject at the Spring and 
Fall MPR hearings, principally in connection with the Pembina 
Cardium Pool. The Board believes that a statement of its views 
on this subject is needed at this time. 


The MPR's themselves are based on recoverable reserves and 
an estimated "life" which for forty acre spacing has been taken 
as some seven to fourteen years depending upon reservoir conditions. 
The Board has always had in mind however that the MPR value 
established for a well should be subject to a lower and an upper 
limit, the lower limit being the economic allowance and the upper 
limit being the productivity of the average well in the pool. The 
Board is sure that there is general concurrence among the 
operators with this concept. 


Nevertheless, there appears to be a lack of agreement among 
operators, and some difference in interpretation within the Board 
organization, with respect to the period of time over which the 
productivity of the well should be assessed. The extreme positions 
taken are, on one hand that productivity for an MPR pericd of six 
to twelve months is sufficient, and on the other hand that 
productivity equal to or greater than the MPR should be required 
for a substantial portion of that life which is used to calculate 
the MPR. The‘ Board suggested the latter criterion in its letter 
to all operators of May 27, 1960, but has never formally adopted it. 


e@eee3se#e0 2 


To All Operators: November 25, 1960, 


The Board has examined the practice it has been following in 
recent years and finds that, while many of the pools in the Province 
meet the more stringent of the two positions, there are a significant 
number of pools in which the average well could not produce at the 


subsisting MPR for more than two or three years. The Board now 
believes that only the current average well productivity need be 
considered as a ceiling on the calculated MPR, Where productivity 


considerations do control, MPR's would be successively reduced in 
the future as the preductivity declined, 


The Board has therefore decided to adopt a productivity require- 
ment such that the MPR for a well ina pool shall be not greater 
than eighty per cent of the estimated current productivity of an 
average weli in the pool. This requirement is being made effective 
for the forthcoming MPR period. However, the Board is prepared to 
Sive further consideration to the matter if there appears to be 
dissatisfaction among the operators. 


Yours very truly, 


DRC/ec A. F. Manyluk, 


Board Member, 





APPENDIX B 


GAS-OIL AND WATER-OIL RATIO PENALTY FACTOR SCHEDULES 
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carol! Gas - Oil Ratios Plus Separator Pressure pe 
Penalty Title EG 18010 acs ¢ nn 2C\he |G ablt dens te Table ce a sa Table Penalty 
Factor 2200 2500 3000 3500 4000 4500 5000 Factor 
1.00 0-2212 0-2513 0.3016 0.3519 0 4022 0.4525 0.5027 1.00 
0.99 2213-2234 2514-2539 3017-3047 4520.3555 4023-4063 4526-457) 5028-5079 099 
098 2235-2257 2540-2565 3048-3078 3556-3591 AN64 AOS 4572-4618 5080-5131 O.9R 
0.97 2258-228) 25662592 3079-3110 3592-3629 4105 4147 4619 4665 51325184 0.97 
0% 2282-2305 2593 2619 3V11-3143 3630. 3667 AAR 4190 4606-4714 5185-5238 096 
0.95 2306-2329 2620-2647 3144-3176 3668-3705 419) 4235 AT\5-A764 5299-5294 0.95 
094 2330-2354 2648-2675 3177-3210 3706-3745 4236-4280 4765-4815 5295-5350 0.94 
0.93 2355-2379 2676-2704 3211-3245 3746-3786 4281-4326 4816-4867 5351-5408 0.93 
0.92 2380-2405 2705-2733 3246-3280 3787-3827 4327-4374 4868-4921 5409-5467 0.92 
0.91 2406-2432 2734-2764 3281-3316 3828-3869 4375 4422 4922 4975 5468-5528 0.91 
0.90 2433-2459 2765-2795 3317-3354 3870-3913 4423.4472 4976-503) 5529-5590 0.90 
0.89 2460-2487 2796-2826 3355-3391 3914-3957 4473-4522 5032-5087 5591-5653 0.89 
0 88 2488-2515 2827-2858 3392-3430 3958-4002 4523 4574 5088-5146 5654-5717 0.88 
0.87 2516-2544 2859-2892 3431-3470 4003-4048 4575-4627 5147-5205 5718-5784 0.87 
0 86 2545-2574 2893-2925 3471-3511 4049-4096 A628 468) 5206-5266 5785-585) 0.86 
085 2575-2605 2926-2960 3512-3552 A097 4144 4682-47346 5267-5328 58525921 0.85 
0.84 2606-2636 2961-2996 3553-3595 ALAS A194 4737-4793 5329-5392 5922-5992 0.84 
083 2637-2668 2997-3032 3596-3638 4195. 4245 4794 4851 5393-5458 5993.6064 0.83 
082 2669-2701 3033-3069 3439-3683 4246-4297 4852 4911 §459 5525 6065-6139 0 82 
0.81 2702-2734 3070-3107 36843729 4298 4350 A912 4972 5526 5593 61406215 0861 
0.80 2735-2769 3108-3146 3730-3776 4351-4405 4973.5034 5594-5664 6216-6293 0.80 
0.79 2770-2804 3147-3186 3777-3824 4406 4461 5035-5099 5665-5736 6294-6373 079 
0.78 2805-2840 3187-3228 3825-3873 4462-4519 5100-5164 5737-5810 6374-6456 0.78 
0.77 2841-2877 3229-3270 3874-3924 4520-4578 5165-5232 5811-5886 6457-6540 077 
0.76 2878-2916 3271-3313 3925-3976 4579.4639 5233-5301 5887-5964 6541-6627 0.76 
0.75 2917-2955 3314-3358 3977-4029 4640-4701 5302-5373 5965-6044 6628-6716 0.75 
0.74 2956-2995 3359-3403 4030-4084 4702-4765 5374-5446 6045-6127 6717-6807 0.74 
0.73 2996-3036 3404-3450 4085-414) 4766-4831 5447-5521 6128-621) 6808-690) 0.73 
0.72 3037-3079 _ 3451-3499 4142-4199 4832-4898 5522-5598 6212-6298 6902-6998 0.72 
0.7) 3080-3123 3500-3548 4200-4258 4899-4968 5599 5678 6299-6388 6999-7097 0.71 
0.70 3124-3168 3549-3600 4259-4320 4969:5049 5679 5760 6389-6480 7098-7200 0.70 
0.69 3169-3214 3601-3652 4321-4383 5041-5113 5761-5844 6481-6574 7201-7305 0.69 
0.68 3215-3261 3653-3706 A384-4448 5114-5189 5845-5930 6575-6672 7306-7413 0.68 
0.67 3262-3311 3707-3762 4449-4515 5190-5267 5931-6020 6673-6772 7414-7525 067 
0.66 9312-3361 3763-3820 4516-4584 5268-5348 6021-6112 6773-6876 7526-7640 0.66 
0.65 3362-3413 3821-3879 * 4585-4655 5349-5431 6113-6206 6877-6982 7641-7758 0.65 
0.64 9414-3467 3880-3940 4656-4728 5432-5516 6207-6304 6983-7092 7759-7880 0.64 
0.63 3468-3523 3941-4003 4729-4804 5517-5604 6305-6405 7093-7206 7881-8007 0.63 
0.62 3524-3580 4004-4068 4805-4882 5605-5696 6406-6509 7207-7323 8008-8137 0.62 
0.61 3581-3639 4069-4136 4883-4963 5697-5790 6510 6617 7324-7444 8138-8272 06) 
0.60 3640-3700 4137-4205 4964-5046 5791-5887 6618-6728 7445-7570 8273-841) 0.60 
0.59 3701-3764 4206-4277 5047-5133 5888-5988 6729-6844 7571-7699 8412-8555 0.59 
0.58 3765-3829 4278-4352 5134-5222 5989-6092 6845-6963 7700-7833 8556-8704 0.58 
0.57 3830-3897 4353-4429 5223-5314 6093-6200 6964-7086 7834-7972 8705-8858 0.57 
0.56 3898-3967 4430-4509 5315-5410 6201-6312 7087-7214 7973-8116 8859-9018 0.56 
0.55 3968-4040 4510-4591 5411-5510 6313-6428 7215-7346 8117-8265 9019-9183 0.55 
054 4041-4116 4592-4677 5511-5613 6429 6548 7347-7484 8266-8419 9184-9355 0.54 
0.53 4117-4194 4678-4766 5614-5720 6549-6673 7485-7627 8420-8580 9356-9533 0.53 
0.52 4195-4276 4767-4859 5721-5831 6674-6803 7628-7775 8581-8747 9534-9719 0.52 
05) 4277-4361 4860-4955 5832-5947 6804-6938 7776-7929 8748-8920 9720-9911 05) 
050 4362 4449 4956-5056 5948 6067 6939-7978 7930-8089 8921-9101 9912-10112 0.50 
0.49 4450-4541 5057-5160 6068-6192 7079-7224 8090-8256 9102-9288 10113-10321 0.49 
0.48 4542-4637 5161-5269 6193-6323 7225-7377 8257-8430 9289-9484 10322-10538 0.48 
0.47 4638-4736 5270-5382 6324-6459 7378-7535 8431-8612 9485-9688 10539-10765 0.47 
0.46 4737-4841 5383-5501 6460-6601 7536-7701 8613-8801 9689-9902 10766-11002 0.46 
0.45 4842-4950 5502-5625 6602-6750 7702-7875 8802-9900 9903-10125 11003-11250 0.45 
0.44 4951-5063 5626-5754 6751-6905 7876-8056 9001-9207 10126-10358 11251-11508 0.44 
0.43 5064-5183 5755-5890 6906-7068 8057-8246 9208-9424 10359-10602 11509-11780 0.43 
0.42 5184-5308 5891-6032 7069-7238 8247-8445 9425-9651 10603-10857 11781-12064 0.42 
0.41 5309-5439 6033-6181 7239-7417 8446-8653 9652-9890 10858-11126 12065-12362 0.41 
0.40 $440-5577 6182-6338 7418-7605 8654-8873 9891-10140 11127-11408 12363-12676 0.40 
039 5578-5722 6339-6502 7606-7803 8874-9104 10141-10404 11409-11705 12677-13005 0.39 
038 5723-5875 6503-6676 7804-8011 9105-9347 10405-10682 11706-12017 13006-13353 0.38 
0.37 5876-6036 6677-6859 8012-823) 9348-9603 10683-10975 12018-12347 13354-13719 0.37 
036 6037-6206 6860-7053 8232-8463 9604-9874 10976-11285 12348-12695 13720-14106 0.36 
035 6207-6387 7054-7258 8464-8709 9875-10161 11286-11612 12696-13064 14107-14516 0.35 
034 6388-6578 7259-7475 8710-8970 10162-10465 11613-11960 13065-13455 14517-14950 0.34 
0.33 6579-6780 7476-7705 8971-9246 10466-10787 11961-12328 13456-13869 14951-15410 0.33 
0.32 6781-6996 7706-7950 9247-9540 10788-11130 12329-12720 13870-14310 15411-15901 0.32 
031 6997-7226 79518211 95419854 11191-11496 12721-13138 14311-14781 15902-16423 0.3) 
030 7227-7471 8212-8490 9855-10188 11497-11885 13139-13584 14782-15283 16424-16981 0.30 
029 7472-7734 8491-8789 10189-10546 11887-12304 13585-14062 15284-15820 16982-17578 0.29 
0.28 7735-8016 8790-9109 10547-10931 12305-12753 14063-14574 15821-16396 17579-18218 0.28 
0.27 8017-8319 9110-9453 10932-11344 12754-13235 14575-15126 16397-17016 18219-18907 0.27 
0.26 8320-8446 9454-9825 11345-11790 13236-13755 15127-15720 17017-17685 18908-19650 0.26 
025 8647-9000 9826 10227 11791-12272 13756-14318 15721-16363 17686-18409 19651-20454 0.25 
0.24 9001-9383 10228-10663 12273-12796 14319-14928 16364-1706) 18410-19194 20455-21327 0.24 
0.23 9384-9801 10664-11138 12797-13366 14929-15594 17062-17821 19195-20049 21328-22277 0.23 
0.22 9802-10259 11139-11658 13367-13989 15595-16321 17822-18652 20050-20984 22278-23316 0.22 
0.21 10260-10760 11659-12228 13990-14673 16322-17119 18653-19565 20985-22010 23317-24456 0.21 
0.20 10761-11314 12229-12857 14674-15428 17120-18000 19566-20571 22011-23142 24457-25714 0.20 
0.19 11315-11927 12858-13554 15429-16265 18001-18975 20572-21686 23143-24397 25715-27108 0.19 
0.18 11928-12611 13555-14331 16266-17197 18976-20063 21687-22929 24398-25796 27109-28662 0.18 
0.17 12612-13378 14332-15202 17198-18243 20064-21283 22930-24324 25797-27364 28663-30405 0.17 
0.16 13379-14244 15203-16187 18244-19424 21284-22661 24325-25899 27365-29136 30406-32374 0.16 
0.15 14245-15230 16188-17307 19425-20769 22662-24230 25900-27692 29137-31153 32375-34615 0.15 
0.14 15231-16363 17308-18595 20770-22314 24231-26033 27693-29752 3115433471 34616-37190 0.14 
0.13 16344-17678 18596-20089 22315-24107 26034-28125 29753-32142 33.472.36160 37191-40178 0.13 
0.12 17679-19223 20090-21844 24108-26213 28126-30582 32143-34951 36161-39320 40179-43689 0.12 
O11 19224-21063 21845-23936 26214-28723 30583-33510 34952-38297 39321-43085 43690-47872 0.11 
0.10 21064-23294 23937-26470 28724-31764 33511-37058 38298-42352 43086-47647 47873-5294) 0.10 
0.09 23295-26052 26471-29605 31765-35526 37059-41447 42353-47368 47648-53209 52942-59210 0.09 
008 26053-29552 29606-33582 35527-40298 41448-47014 47369-53731 53290-60447 59211-67164 0.08 
0.07 29553-34137 33583-38793 40299-46551 47015-54310 53732 62068 60448 69827 67165-77586 0.0/ 
006 34138-40408 98794-45918 46552-55102 54311-64285 62069-73469 69828-82653 77587-91836 0.06 
b ; 55103-67500 64286-78750 73470-90000 82654-101250 91837-112500 0.05 
aoe Pai oe sweat vanad 67501-87096 78751-101612 90001-116129 101251-130645 12501-14516} 0.04 
0.03 63871-90000 72581-102272 87097-122727 —:101613-143181 116130:163636 130646-184090 —-1.45162-204545 0.03 
0.02 90001-152307 —102273-173076 122728-207692 143182-242307 = 163637-276923 = 18.4091-311538 —-2045.46-3.46153 0.02 
001 152308. 495000 173077.562500 207693-675000 242308787500 276924-900000 311539-1012500 346154-1125000 0.01 


Water-Oil Ratio 
Penalty Factor 





1.00 
0.99 
0.98 
0,97 
0.96 


095 
0 4 
0935 
092 
O91) 


0.90 
089 
0.88 
0.87 
0.86 


085 
0.84 
0.83 
0.82 
0.81 


080 
0.79 
0.78 
0.77 
9.76 


0.75 
074 
0.73 
0.72 
O71 


0.70 
0.69 
0.68 
0 67 
0.66 


0.65 
0.64 
0.63 
0.62 
0.61 


0.60 
0.59 
0.58 
0.57 
0.56 


055 
054 
0.53 
0.52 
0.51 


0.50 
0.49 
0.48 
0.47 
0.46 


045 
0.44 
0.43 
0.42 
0.41 


0.40 
0.39 
0.38 
0.37 
036 


035 
0.34 
0.33 
0.32 
0.31 


0.30 
0.29 
0.28 
0.27 
0.26 


0.25 
0.24 
0.23 
0.22 
0.2) 


0.20 
0.19 
0.18 
O17 
0.16 


0.15 
0.14 
0.13 
0,12 
0.11 


0.10 
0.09 
0.08 
0.07 
0.06 


0.05 
0.04 
0.03 
0.02 
0.01 


B-4 


SCHEDULE B 


WATER-OIL RATIOS 





Table 

0.0 
0.0000:0 0199 
0.0200 0.0316 
0,0317-0.0524 
0.0525-0,0737 
0.0738-0,.0954 


0.0955.0.1174 
0.1177-0,1403 
0.1404.0.1634 
0,1635-0,1871 
0.1872-0.2113 


0.2114-0 2360 
0.2361-0.2613 
© 2614-0,287) 
0,.2872-0,.3136 
0.3137-0.3407 


0.3408-0.3684 
0.3685-0.3968 
0.3969-0.4258 
0.4259-0.4556 
0.4557-0.4861 


0,4862-0.5174 
0.5175-0.5495 
0.5496-0,5824 
0.5825-0.6162 
0.6163-0.6509 


0.6510-0 6865 
0.6866-0,7231 
0 7232-0.7607 
0.7608-0.7993 
0.7994-0.8391 


0.8392-0.8800 
0.8801-0.9220 
0.9221-0.9654 
0.9655-1.0100 
1.0101-1.0560 


1.0561-1.1034 
1,1035-1.1523 
1 1524-1,2028 
1.2029-1.2549 
1,2550-1.3088 


1.39089-1.3644 
1.3645-1.4220 
1.4221-1.4816 
¥.4817-1.5433 
15434-16072 


1.6073-1.6734 
¥.6735-1.7422 
1.7423 1.8135 
1.8 36-1 8876 
1,6877-1.9647 


1.9648-2 0449 
2,0450-2.1284 
2.1285-2 2154 
2.2155-2.3062 
2.3063-2.4009 


2.4010-2.5000 
2.5001-2.6035 
2.6036-2.7120 
2.7121-2.8257 
2.8258-2.9450 


2.9451-3.0704 
3.0705-3.2023 
3.2024-3.34 2 
3.3413-3.4878 
3.4879-3.6426 


3.6427-3 8064 
3.8065-3.9800 
3.9801-4.1643 
4,1644-4.3604 
4.3605-4 5693 


4,5694-4 7924 
4 7925-5 0312 
5 0313-5.2874 
§.2875-5 5630 
5.5631-5.8602 


5.8603-6.18 8 
6.1819-6,5308 
6,5309-6.9108 
5.9109 7.3264 
7.3265-7.7826 


7.7827-8 2857 
8.2858-8.8433 
8.8434-9.4649 
9.4650-10.1621 
10 1622-10.9496 


10.9497-11. 8461 
11.8462-12 8760 
12 8761-14.0714 
14.0715-15.4757 
15.475B8-17.1489 


17.1490-19.1764 
19,1765-21.6842 
21.6843-24.8656 
24,8657-29 0344 
29,0345-34.7346 


3.4.7347-43.0000 
43 0001 56.0645 
56.0646-79.8181 
79.8182-136 4515 
136 4616-448 0000 


Table 
07 








0.0000 0.0372 
0.0373 0 1059 
0.1054.0 1748 
0.1749 0 2457 
0 2458.0.918) 


0.3182.9 392) 
0.39227:0.46 6 
0.4677 0.5448 
0.5449 0.6237 
0 6238:0,7043 


0,7044.0,7847 
0.7868-0.8710 
0.6711-0.9572 
0,9573-1.0454 
¥.0455-1.1356 


1.1357-1.2280 
1.2281-1.3226 
¥.39227-1.4195 
1.4196-1.5188 
1,5189-1.6206 


1.6207-1.7249 
4.7250-1.8319 
1.8320-1.9416 
19417-2.0542 
2.0543-2.1698 


2.1699-2.2885 
2.2886-2.4104 
2.4105-2.5357 
2.5358-2.6645 
2,6646-2.7970 


2,.7971-2.9333 
2.9334-3.0735 
3.0736-3.2180 
3.2181-3,3667 
3.3668-3.5200 


3.5201-3.6781 
3.6782-3.8412 
3.8413.4,0094 
4.0095-4.1832 
4.1833-4.3627 


4.3628.4.5482 
4,5483-4 7401 
4.7402-4 9387 
4,9388-5.1443 
5,.1444-5 3573 


5.3574.5.5782 
5.5783-5 8073 
5.8074.6.0451 
6.0452-6 2922 
6.2923.6.549) 


6.5492-6.8164 
6 8165-7.0948 
7.0949-7,.3848 
7.3849-7.6874 
7 6875-8.0032 


8 0033-8.3333 
8.3334-8.6786 
8.6787-9.0401 
9.0402-9.4191 
9.4192-9.8168 


9.8169-10.2347 
10,.2348-10.6743 
10.6744-11.1374 
11.1375-11.6260 
11.6261-12.1421 


12.1422-12.6881 
12.6882-13,2668 
13.2669-13.8812 
13.8813-14.5347 
14.5348-15.2311 


15.2312-15.9748 
15.9749-16.7708 
16.7709-17.6248 
17.6249-18,.5434 
18.5435-19,.5342 


19,5343-20.6060 
20.6061-21.7693 
21,7694-23.0363 
23,0364-24.4214 
24,4215-25,9420 


25,9421-27.6190 
27.6191-29.4779 
29,.4780-3).5498 
31 5499-33.8738 
33 8739-36. 4988 


36 4989-39 4871 
39.4872-42 9201 
42.9202-46.9047 
46.9048-51,5857 
51,5858-57.1431 


57.1632-63.9215 
63.9716-72.2607 
72.2808 -82.8855 
82.8856-96.7816 
96.7817-115.7823 


115,7824-143,3333 
143,3334.186.8817 
186,8518-266.0606 
266,0607-454.8718 


454.8719-1493,3334 


Toble 
0.8 


0,0000.0.0558 
0.0559-0.1580 
0 1581-0 2622 
0 2623-0.3686 
0.3687-0 4772 


© 4773.0,5082 
0,5883-0 7015 
0.7016 0.6173 
0.8174.0 9356 
0.9357-1.0545 


1.0566 1.1801 
1 1802-),.3065 
1.3066-1 4358 
1 4359-1.5681 
1.5682-1.7035 


1.7036-1.8421 
1 6422-1.9840 
1 9841-2.1293 
2.1294-2.2783 
2.2784-2 4309 


2 4310-2.5874 
25875-27478 
27479-29124 
2.9125-3 0813 
3.0814-3 2547 


3.2548-3 4328 
3 4329-3 6157 
3 6158-3,8036 
3.8037-3.9968 
3:99 9-4.1955 


4.1956 4.4000 
4.400 -46103 
4.6104-4,8270 
48271-5.0501 
5.0502 5.2801 


5.2802-5.5172 
5.5173-5,.7618 
5.7619-60 42 
6 0143-6 2748 
6,2749-6 5441 


654426. 224 
6 8225 7.1102 
7.1103 7.4081 
7.4082 7.7165 
7.7 66-8.0360 


8.0361-8 3673 
8 3674-8 7110 
68 7111-9 0677 
9.0678-9 4384 
9 4385-9 8237 


9.8238-10 2247 
10 2248-10.6422 
10 6423-1 .0772 
11.0773-11.5311 
11.5312-12,0048 


12.0049-12 5000 
12.5001-13.0 79 
13.0180-13 5602 
13,5603-14.1286 
14,1287-14 7252 


14.7253-15.3521 
15.3522-16.0115 
16.0116-16.7062 
16.7063-17.4390 
17.4391-18.213) 


18.2 32-19.0322 
19.0323-19.9003 
19.9004-20.8219 
20,8220-21 8021 
21,8022-22.8467 


22,8468-23.9622 
23,9623-25. 562 
25.1563:26.4372 
26.4373-27.815 

27.8152-29.3013 


29.30 4-30.9090 
30 9091-32.6540 
32,6541-34 5544 
34,5545-36.632 

36.6322-38.9130 


38.9131-41 4 85 
41, 286-44 2168 
442 69-47 3248 
47 3249-50 8108 
5) 8109-54,7482 


54,.7483-59 2307 
59.2308-64 801 
64,3802-70,3571 
70,3572:77. 786 
77,.3787-B5 446 


85.7447-95.8823 

95,8924-108.42 0 
108.4211-124.3283 
124 3284-145, 724 
145.1725-173 6734 


173.6735 215 0000 
215.0001-280 3225 
280,.3226-399,0909 
499.0910-682 30 7 


682.3078-22 0.0022 


Table 
09 


0.0000-0,1117 
0.11180 3160 
03161-0,5245 
0.5246.0,7373 
0.73740.9545 


0 9546-1.1764 
1.1765-1,4030 
1 4031-1,6346 
1 6347-1,.8712 
1.8713-2.1190 


2.1131-2.3602 
2,.3603-2.6130 
2.6131-2.8716 
2.8717-3.1362 
3.1363-3.4070 


3.4071-3.6842 
3.6843 3.9680 
3.9681-4.2587 
4 2588-4 5566 
4.5567-4.8618 


4.8619-5.1748 
5.1749-5.4957 
5.4958-5.8249 
5.8250-6.1627 
6,1628-6.5095 


6 5096-6.8656 
6.8657-7.2314 
7.2315-7,.6073 
7.6074-7.9937 
7.9938-8.3911 


8.391 2-8.8000 
8.8001-9.2207 
9.2208-9.6540 
9.6541-10.1003 
10,1004-10.5602 


10.5603-11.0344 
11.0345-11.5236 
11,5237-12.0284 
12.0285-12.5497 
12.5498-13.0882 


13,0883-13.6448 
43 6449-14.2205 
14,.2206-14.8162 
14.8163-15.4230 
15.4331-16.0721 


16.0722-16.7346 
16.7347-17.4220 
V7 A221-18.1355 
18.1356-16.8768 
18.8769-19.6475 


19.6476-20,4494 
20 4495-21,2844 
21.2845-22.1545 
22.1546 23.0622 
23.0623-24.0097 


24,0098-25.0000 
25.0001-2€.9358 
26 0359-27.1204 
27.1205-28.2573 
28.2574-29.4505 


29.4506-30.7042 
30.7043-32.0231 
32.0232-33.4124 
33 4125-34.8780 
34 8781-36.4263 


36.4264-38.0645 
38.06 46-39.8006 
39,.8007-41.6438 
4),6439-43,6042 
43.6043-45.6934 


45 6935-47.9245 
47,.9246-50.3125 
50.3126-52.8744 
52.8745-55.6302 
55.6303-58.6026 


58,.6027-61.8181 
61.8182-65.3080 
65,3081 -69.1089 
69,1090-73,2642 
73.2643-77.8260 


77.8261-82.8571 
82.8572-88 4337 
88.4338-94.6496 
94.6497 101.6216 
101.4217 109 4964 


109.4965-118.4615 
118.4616-128.7603 
128.7604-1 40.7142 
140.7143-154.7572 
+54.7573-171,4893 


171 4894-191,.7647 
191 7648-216.8421 
216,8422-248.6567 
248.6568-290,3448 
290.3449-347,3469 


347.3470-430,0000 
430,0001-560,.645) 
560.6452-798.1818 


798.1819-1364.6154 
1364 6155-4480.0044 


Water Oil Ratio 
Penalty Factor 





1,00 
0.99 
0.98 
0.97 
0.96 


0.95 
0.94 
0.93 
0.92 
oo 
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